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Intel microprocessors 
and peripherals 
provide a complete 


solution 
in increasingly 
complex 
application 
environ- 


ments. Quite often, a single peripheral 
device will replace 


anywhere 
from 20 to 100TTL devices (and the associated 


design time that goes with them). 


Built-in 
functions 
and 
standard 
Intel 
microprocessor/ 


peripheral 
interface 
deliver 
very real time 
and perfor- 


mance advantages 
to the designer 
of microprocessor- 


based systems. 


When 
you can 
purchase 
an off-the-shelf 
solution 
that 


replaces a number 
of discrete devices, you're also replac- 


ing all the design, testing, and debug time that goes with 
them. 


At Intel, the rate offailure 
for devices is carefully tracked. 
Highest 
reliability 
is a tangible 
goal that 
translates 
to 


higher 
reliability 
for your 
product, 
reduced 
downtime, 
and 
reduced 
repair 
costs. 
And 
as 
more 
and 
more 


functions 
are intergrated 
on a single VLSI 
device, 
the 


resulting 
system requires 
less power, produces 
less heat, 
and 
requires 
fewer mechanical 
connections-again 
re- 


sulting in greater 
system reliability. 


replacing 
numerous 
parts, microprocessor 
and peripheral 


solutions 
can contribute 
dramatically 
to lower product 


costs. 


Intel microprocessors 
and peripherals 
provide the highest 
system 
performance 
for the demands 
of today's 
(and 


tomorrow's) 
microprocessor-based 
applications. 
For exam- 


pie, the 80386 32 bit offers the highest 
performance 
for 


multitasking, 
multiuser 
systems. 
Intel's 
peripheral 
pro- 


ducts have been designed 
with the future 
in mind. They 
support 
all of Intel's 8, 16 and 32 bit processors. 


The following 
application 
guide illustrates 
the range of 


microprocessors 
and peripherals 
that can be used for the 


applictions 
in 
the 
vertical 
column 
of 
the 
left. 
The 


peripherals 
are grouped 
by the I/O function 
they control. 


CRT datacommunication, 
universal (user programmable), 


mass storage 
dynamic 
RAM 
controllers, 
and CPU/bus 
support. 


An 
"X" 
in a horizontal 
application 
row 
indicates 
a 


potential 
peripheral 
or CPU, depending 
upon the features 


desired. 
For example, 
a conversational 
terminal 
could 


use either 
of the three 
display 
controllers, 
depending 


upon 
features 
like the number 
of characters 
per row or 


font capability. 
A "Y" indicates 
a likely candidate, 
for 


example, 
the 8272A 
Floppy 
Disk Controller 
in a small 


business computer. 


The Intel microprocessor 
and peripherals 
family provides 


a broad range of time-saving, 
high performance 
solutions. 
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Processor 
& Control 
Store 
X 
X 
Y 
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SPECIAL 
LOCAL 
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PERIPHERALS 


Y 
Y 
x 
x 
x 
x 
x 
x 
x 
x 
X 
Printers 
1- 
y 
X 
X 
X 
X 
I'o- 
X 
Plotters 
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X 
y 
X 
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,. 
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MASS 
STORAGE 
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X 
y 
Hard 
Disk 
1- 
y 
- 1- - 
- 
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I-- 
X 
X 
Tape 
X 
- 
Cassette 
.•.. 
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y 
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Floppy/Mini 
1-- 
1- - 
COMMUNICATIONS 
'-1- 
Y 
X 
Y 
Y 
Digital 
Telephone 
--- I- 
X 
Y 
X 
Y 
Y 
Y 
ISDN 
I- 
X 
X 
X 
X 
X 
X 
X 
Y 
X 
Y 
Y 
y 
X 
PBX 
1- 


Y 
X 
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X 
X 
X 
X 
Y 
X 
X 
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.-I- 
X 
X 
X 
X 
X 
X 
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X 
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.- 


X 
X. 
'X 
Bisync 
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Y 
X 
X 
X 
X 
X 
X 
X 
X 
Serial 
Backplane 
I~· 
X 
X 
X 
X 
X 
X 
X 
Y 
X 
X 
V 
Central 
Office 
_. 


y 
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X 
X 
X 
X 
X 
Network 
Control 
OffiCE/BUS 
y 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Y 
Y 
Copier/FAX 
X 
X 
y 
y 
y 
X 
X 
Y 
Word processor 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1. 
Y 
Typewriter 
X 
X 
X 
X 
Y 
X 
Electronic 
Mail 
X 
X 
X 
X 
V 
V 
Transaction 
System 
X 
X 
X 
X 
X 
X 
- 
V 
V 
Data Entry 
COMPUTERS 
X 
X 
X 
Y 
V 
V 
X 
X 
X 
X 
X 
X 
X 
-- 
Smail 
Business 
Computer 
X 
X 
X 
X 
X 
X 
V 
V 
Y 
X 
X 
X 
X 
X 
X 
X 
X 
I·- 
V 
V 
PC 
X 
X 
X 
X 
V 
V 
X 
X 
X 
X 
X 
- 
V 
Y 
Portable 
PC 
. 


X 
X 
V 
V 
X 
X 
V 
V 
Home Computer 


TERMINALS 
X 
V 
X 
X 
X 
V 
V 
Conversational 
V 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
Graphics 
CRT 
V 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 
V 
Editing 
y 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
V 
V 
Intelligent 
.: 


X 
X 
V 
X 
V 
V 
V 
Integrated 
Voice/Data 
y 
X 
X 
X 
X 
Y 
V 
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X 
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X 
X 
X 
X 
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Printing: laser, 
Impact 
y 
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X 
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X 
X 
Y 
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-1-- -- 
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Control 
X 
y 
X 
X 
X 
X 
X 
X 
X 
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- 
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X 
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- 
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INDUSTRIAUDATA 
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V 
X 
Y 
X 
X 
X 
X 
V 
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Laboratory 
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X 
y 
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V 
X 
V 
X 
X 
X 
Auto 
Test 
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X 
Y 
X 
X 
X 
X 
X 
X 
· 


Medical 
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X 
Y 
X 
X 
X 
X 
X 
X 
X 
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X 
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X 
X 
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X 
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X 
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X 
X 
X 
X 
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X 
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X 
X 
X 
X 
X 
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X 
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X 
X 
X 
X 
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X 
X 
X 
X 
V 
X 
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8086 


16-BIT HMOS MICROPROCESSOR 
8086/8086-2/8086-1* 


• Direct Addressing 
Capability 1 MByte 
• Range of Clock Rates: 
of Memory 
5 MHz for 8086, 


• Architecture 
Designed for Powerful 
8 MHz for 8086-2, 


Assembly Language and Efficient High 
10 MHz for 8086-1 


Level Languages 
• MULTIBUS(!)System Compatible 
• 14 Word, by 16-Blt Register Set with 
Interface 


Symmetrical Operations 
• Available In EXPRESS 


• 24 Operand Addressing 
Modes 
- 
Standard Temperature 
Range 


- 
Extended Temperature 
Range 
• Bit, Byte, Word, and Block Operations 
Available In 40-Lead Cerdlp and Plastic 
• 
• 8 and 16-Blt Signed and Unsigned 
Package 


Arithmetic 
In Binary or Decimal 
(See Packaging 
Spec. 
Order 
# 231369) 
Including Multiply and Divide 


The Intel 8086 high performance 
16·bit CPU is available 
in three clock 
rates: 5, 8 and 10 MHz. The CPU is 
implemented 
in N·Channel, 
depletion 
load, silicon gate technology 
(HMOS), and packaged 
in a 40-pin CERDIP 
or plastic 
package. 
The 
8086 
operates 
in both 
single 
processor 
and 
multiple 
processor 
configurations 
to 
achieve 
high performance 
levels. 


'Changes 
from 
the 
1985 handbook 
specification 
have 
been 
made 
for the 8086·1. 
See A.C. Characteristics 
TGVCH 
and TCLGL. 
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Figure 2. 8086 Pin 
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The following 
pin function 
descriptions 
are for 8086 systems 
in either minimum 
or maximum 
mode. 
The "Local 
Bus" 
in these descriptions 
is the direct multiplexed 
bus interface 
connection 
to the 8086 (without 
regard 
to 
additional 
bus buffers). 


Symbol 
Pin No. 
Type 
Name and Function 


AD15-ADo 
2-16,39 
I/O 
ADDRESS 
DATA BUS: These lines constitute 
the time multiplexed 


memory/IO 
address 
(Tl). and data (T2, T3. Tw. T4) bus. Ao is 


analogous 
to SHE for the lower byte of the data bus. pins 07-00. 
It is 


lOW 
during T 1 when a byte is to be transferred 
on the lower portion 


of the bus in memory or I/O operations. 
Eight-bit oriented 
devices tied 


to the lower half would normally 
use Ao to condition 
chip select 


functions. 
(5ee SHE.) These lines are active HIGH and float to 3-state 


OFF during interrupt 
acknowledge 
and local bus "hold acknowledge". 


A19/56. 
35-38 
0 
ADDRESS/STATUS: 
During T 1 these are the four most significant 


Ala/55. 
address 
lines for memory operations. 
During I/O operations 
these 


A17/54. 
lines are lOW. 
During memory and I/O operations. 
status information 


A16/53 
is available 
on these lines during T2. T3. Tw. T4. The status of the 


interrupt enable FLAG bit (55) is updated at the beginning 
of each 


ClK 
cycle. A17/54 
and A16/53 
are encoded 
as shown. 


This information 
indicates 
which relocation 
register is presently 
being 


used for data accessing. 
These lines float to 3-state OFF during local bus "hold 
acknowledge." 


A 17/S4 
A16/S3 
Characteristics 


o (lOW) 
0 
Alternate 
Data 


0 
1 
5tack 


1 (HIGH) 
0 
Code or None 
1 
1 
Data 
56isO 
(lOW) 


SHE/57 
34 
0 
BUS HIGH ENABLE/STATUS: 
During Tl the bus high enable signal 


(SHE) should be used to enable data onto the most significant 
half of 


the data bus. pins D15-Da. 
Eight-bit oriented 
devices tied to the upper 


half of the bus would normally 
use SHE to condition 
chip select 
functions. 
SHE is lOW 
during Tl for read, write, and interrupt 


acknowledge 
cycles when a byte is to be transferred 
on the high 


portion of the bus. The 57 status information 
is available 
during T2, 


T3. and T4. The signal is active lOW. 
and floats to 3-state OFF in 
"hold". 
It is lOW 
during Tl for the first interrupt 
acknowledge 
cycle. 


BHE 
Ao 
Characteristics 


0 
0 
Whole word 
0 
1 
Upper byte from/to 
odd address 


1 
0 
lower 
byte from/to 
even address 


1 
1 
None 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performing 
a 


memory of I/O read cycle, depending 
on the state of the 52 pin. This 


signal is used to read devices which reside on the 8086 local bus. RD 
is active lOW 
during T2. T3 and Tw of any read cycle. and is 


guaranteed 
to remain HIGH in T2 until the 8086 local bus has floated. 


This signal floats to 3-state OFF in "hold 
acknowledge". 
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Symbol 
Pin No. 
Type 
Name and Function 


READY 
22 
I 
READY: is the acknowledgement 
from the addressed 
memory or I/O 


device that it will complete 
the data transfer. 
The READY signal from 


memory/IO 
is synchronized 
by the 8284A Clock Generator 
to form 


READY. This signal is active HIGH. The 8086 READY input is not 
synchronized. 
Correct operation 
is not guaranteed 
if the setup and hold 


times are not met. 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is sampled 


during the last clock cycle of each instruction 
to determine 
if the 


processor 
should enter into an interrupt acknowledge 
operation. 
A 


subroutine 
is vectored 
to via an interrupt vector 
lookup table located 
in 


system memory. 
It can be internally 
masked by software 
resetting 
the 


interrupt enable bit. INTR is internally 
synchronized. 
This signal is 


active HIGH. 


TEST 
23 
I 
TEST: input is examined 
by the "Wait" 
instruction. 
If the TEST input is 


LOW execution 
continues, 
otherwise 
the processor 
waits in an "Idle" 


state. This input is synchronized 
internally 
during each clock cycle on 


the leading edge of CLK. 


NMI 
17 
I 
NON-MASKABLE 
INTERRUPT: 
an edge triggered 
input which causes 


a type 2 interrupt. A subroutine 
is vectored 
to via an interrupt 
vector 


lookup table located in system memory. 
NMI is not maskable 
internally 


by software. 
A transition 
from LOW to HIGH initiates the interrupt 
at the 


end of the current instruction. 
This input is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present 


activity. The signal must be active HIGH for at least four clock cycles. It 
restarts execution, 
as described 
in the Instruction 
Set description, 
when 


RESET returns LOW. RESET is internally 
synchronized. 


CLK 
19 
I 
CLOCK: provides the basic timing for the processor 
and bus controller. 


It is asymmetric 
with a 33% duty cycle to provide optimized 
internal 


timing. 


Vcc 
40 
Vcc: + 5V power supply pin. 


GND 
1,20 
GROUND 


.. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to 


operate 
in. The two modes are discussed 
in the following 
sections. 


Thefollowing pin function descriptions are for the 8086/8288 system in maximum mode (le., MN/MX = Vssl. 
Only the pin functions which are unique to maximum mode are described; all other pin functions are as 
described above. 


S2, S1, So 
26-28 
0 
STATUS: active during T4, T 1, and T2 and is returned 
to the passive state 


(1, 1, 1) during T3 or during Tw when READY is HIGH. This status is used 


" 
by the 8288 Bus Controller 
to generate 
all memory and I/O access control 
. 
signals. Any change by S2, S1, or So during T4 is used to indicate the 
beginning 
of a bus cycle, and the return to the passive state in T3 or Tw is 


used to indicate the end of a bus cycle. 
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8086 


Table 
1. Pin Description 
(Continued) 


Symbol 
Pin No. 
Type 
Name and Function 


52, 51, 50 
26-28 
0 
These signals float to 3-state OFF in "hold 
acknowledge". 
These status 
(Continued) 
lines are encoded 
as shown. 


S2 
S1 
So 
Characteristics 


o (lOW) 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O Port 


0 
1 
0 
Write I/O Port 


0 
1 
1 
Halt 
1 (HIGH) 
0 
0 
Code Access 


1 
0 
1 
Read Memory 


1 
1 
0 
Write Memory 


1 
1 
1 
Passive 


RQ/GTo, 
I/O 
REQUEST IGRANT: 
pins are used by other local bus masters to force 
RQ/GT1 
the processor 
to release the local bus at the end of the processor's 


current bus ~e.:E.ac~nJ!. 
bidirectional 
with RQ/GTo 
having higher 


priority than RQ/GT 1. R 
/GT pins have internal pull-up resistors 
and 


may be left unconnected. 
The request/grant 
sequence 
is as follows 


(see Figure 9): 
1. A pulse of 1 ClK 
wide from another 
local bus master indicates 
a local 


bus request ("hold") 
to the 8086 (pulse 1). 
2. During a T4 or T1 clock cycle, a pulse 1 ClK 
wide from the 8086 to 


the requesting 
master (pulse 2), indicates 
that the 8086 has allowed the 


local bus to float and that it will enter the "hold acknowledge" 
state at 


the next ClK. 
The CPU's bus interface 
unit is disconnected 
logically 
from the local bus during "hold acknowledge". 
3. A pulse 1 ClK 
wide from the requesting 
master indicates 
to the 8086 


(pulse 3) that the "hold" 
request is about to end and that the 8086 can 


reclaim the local bus at the next ClK. 
Each master-master 
exchange 
of the local bus is a sequence 
of 3 


pulses. There must be one dead ClK 
cycle after each bus exchange. 


Pulses are active lOW. 
If the request is made while the CPU is performing 
a memory cycle, it 


will release the local bus during T4 of the cycle when all the following 
conditions 
are met: 


1. Request 
occurs on or before T2. 


2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge 
of an interrupt 
acknowledge 


sequence. 
4. A locked instruction 
is not currently 
executing. 


If the local bus is idle when the request is made the two possible 
events 


will follow: 
1. local 
bus will be released 
during the next clock. 


2. A memory cycle will start within 3 clocks. 
Now the four rules for a 


currently 
active memory cycle apply with condition 
number 1 already 


satisfied. 


lOCK 
29 
0 
LOCK: output indicates 
that other system bus masters are not to gain 


control of the system bus while LOCK is active LOW. The lOCK 
signal 


is activated 
by the "lOCK" 
prefix instruction 
and remains active until the 


completion 
of the next instruction. 
This signal is active lOW, 
and floats 


to 3-state OFF in "hold acknowledge". 
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Symbol 
Pin No. 
Type 
Name and Function 


QS1, QSo 
24,25 
0 
QUEUE STATUS: 
The queue status is valid during the CLK cycle after 


which the queue operation 
is performed. 
QSl and QSo provide status to allow external tracking 
of the internal 


8086 instruction 
queue. 


I- 
QSl 
QSo 
Characteristics 


o (LOW) 
0 
No Operation 
0 
1 
First Byte of Op Code from Queue 


1 (HIGH) 
0 
Empty the Queue 
. 
If! 
\j. 
1 
1 
Subsequent 
Byte from Queue 


The fol/owing pin function 
descriptions 
are for the 8086 in minimum 
mode (i.e., MNIMX = Vcd 
Only the pin 
functions 
which are unique 
to minimum 
mode are described; 
aI/ other pin functions 
are as described 
above. 


MilO 
28 
0 
STATUS 
LINE: logically equivalent 
to S2 in the maximum 
mode. It is used to 


distinguish 
a memory access from an 1/0 access. 
MilO 
becomes 
valid in 


. 
the T4 preceding 
a bus cycle and remains valid until the final T4 of the cycle 


(M = HIGH, 10= LOW). MilO 
floats to 3-state OFF in local bus "hold 


acknowledge" 
. 


WR 
29 
0 
WRITE: 
indicates 
that the processor 
is performing 
a write memory or write 


1/0 cycle, depending 
on the state of the MilO 
signal. WR is active for T2, T3 


and Tw of any write cycle. It is active LOW, and floats to 3-state OFF in 
local bus "hold 
acknowledge". 


INTA 
24 
0 
INTA: is used as a read strobe for interrupt acknowledge 
cycles. It is active 


LOW during T2, T3 and Tw of each interrupt 
acknowledge 
cycle. 


ALE 
25 
0 
ADDRESS 
LATCH 
ENABLE: 
provided 
by the processor 
to latch the 


address into the 8282/8283 address latch. It is a HIGH pulse active during 
T1 of any bus cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
needed in minimum system that desires to 


use an 8286/8287 data bus transceiver. 
It is used to control the direction 
of 


data flow through the transceiver. 
Logically 
DT/Fi is ~uivalent 
to 51 in the 


maximum 
mode, and its timing is the same as for MilO. 
(T = HIGH, R = 


LOW.) This signal floats to 3-state OFF in local bus "hold 
acknowledge". 


DEN 
26 
0 
DATA ENABLE: 
provided as an output enable for the 8286/8287 in a 


minimum system which uses the transceiver. 
DEN is active LOW during 


each memory and 1/0 access and for INTA cycles. For a read or INTA cycle 
it is active from the middle of T2 until the middle of T4, while for a write cycle 
it is active from the beginning 
of T2 until the middle of T4. DEN floats to 3- 


state OFF in local bus "hold acknowledge". 


HOLD, 
31,30 
1/0 
HOLD: indicates 
that another 
master is requesting 
a local bus "hold." 
To be 
HLDA 
acknowledged, 
HOLD must be active HIGH. The processor 
receiving 
the 


"hold" 
request will issue HLDA (HIGH) as an acknowledgement 
in the 


middle of a Tl clock cycle. Simultaneous 
with the issuance of HLDA the 


processor 
will float the local bus and control 
lines. After HOLD is detected 


as being LOW, the processor 
will LOWer the HLDA, and when the 


processor 
needs to run another 
cycle, it will again drive the local bus and 


control 
lines. 


The same rules as for RQ/GT 
apply regarding 
when the local bus will be 


released. 
HOLD is not asynchronous 
input. External synchronization 
should be 


provided 
if the system cannot otherwise 
guarantee 
the setup time. 


inter 


General Operation 


The internal functions of the 8086 processor are 
partitioned logically into two processing units. The 
first is the Bus Interface Unit (BIU) and the second is 
the Execution Unit (EU) as shown in the block dia- 
gram of Figure 1. 


These units can interact directly but for the most 
part perform as separate asynchronous operational 
processors. The bus interface unit provides the func- 
tions related to instruction fetching and queuing, op- 
erand fetch and store, and address relocation. This 
unit also provides the basic bus control. The overlap 
of instruction pre-fetching provided by this unit 
serves to increase processor performance through 
improved bus bandwidth utilization. Up to 6 bytes of 
the instruction stream can be queued while waiting 
for decoding and execution. 


The instruction stream queuing mechanism allows 
the BIU to keep the memory utilized very efficiently. 
Whenever there is space for at least 2 bytes in the 
queue, the BIU will attempt a word fetch memory 
cycle. This greatly reduces "dead time" 
on the 
memory bus. The queue acts as a First-In-First-Out 
(FIFO) buffer, from which the EU extracts instruction 
bytes as required. If the queue is empty (following a 
branch instruction, for example), the first byte into 
the queue immediately becomes available to the EU. 


The execution unit receives pre-fetched instructions 
from the BIU queue and provides un-relocated oper- 
and addresses to the BIU. Memory operands are 
passed through the BIU for processing by the EU, 
which passes results to the BIU for storage. See the 
Instruction Set description for further register set 
and architectural descriptions. 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 


bytes, addressed as OOOOO(H)to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 


All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 


Physically, the memory is organized as a high bank 
(015-08) 
and a low bank (07-00) 
of 512K 8-bit 
bytes addressed in parallel by the processor's ad- 
dress lines A19-A1. Byte data with even addresses 
is transferred on the 07-00 
bus lines while odd ad- 
dressed byte data (Ao HIGH) is transferred on the 
015-08 bus lines. The processor provides two en- 
able signals, BHE and Ao, to selectively allow read- 
ing from or writing into either an odd byte location, 
even byte location, or both. The instruction stream is 
fetched from memory as words and is addressed 
internally by the processor to the byte level as nec- 
essary. 


Memory 
Segment 
Register 
Segment 
Reference 
Need 
Used 
Selection 
Rule 


Instructions 
CODE (CS) 
Automatic with all instruction prefetch. 


Stack 
STACK (55) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 
DATA (OS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 
EXTRA (ES) 
Destination of string operations: explicitly selected using a 
segment override. 
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In referencing 
word data the SIU requires one or two 


memory 
cycles 
depending 
on whether 
or not 
the 


starting 
byte of the word 
is on an even or odd ad- 


dress, 
respectively. 
Consequently, 
in 
referencing 


word operands 
performance 
can be optimized 
by lo- 


cating data on even address 
boundaries. 
This is an 
especially 
useful technique 
for using the stack, since 


odd address 
references 
to the stack may adversely 


affect 
the 
context 
switching 
time for interrupt 
pro- 


cessing 
or task multiplexing. 


RESET 
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FFFFFH 


PROGRAM 
JUMP 


FFFFOH 


3FFH 


INTERRUPT 
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FOR TYPE 
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3FCH 
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Certain locations 
in memory are reserved 
for specific 


CPU 
operations 
(see 
Figure 
3b). 
locations 
from 


address 
FFFFOH through 
FFFFFH 
are reserved 
for 


operations 
including 
a jump 
to the 
initial 
program 
loading 
routine. 
Following 
RESET, 
the CPU will al- 


ways begin execution 
at location 
FFFFOH where the 
jump 
must be. locations 
OOOOOHthrough 
003FFH 


are reserved 
for interrupt 
operations. 
Each 
of the 


256 possible 
interrupt 
types 
has its service 
routine 


pointed 
to by a 4-byte 
pointer 
element 
consisting 
of 


a 16-bit 
segment 
address 
and 
a 16-bit 
offset 
ad- 


dress. 
The 
pointer 
elements 
are assumed 
to have 


been 
stored 
at the 
respective 
places 
in reserved 


memory 
prior to occurrence 
of interrupts. 


The requirements 
for supporting 
minimum 
and maxi- 


mum 
8086 
systems 
are 
sufficiently 
different 
that 


they cannot 
be done efficiently 
with 40 uniquely 
de- 


fined pins. Cons~ently, 
the 8086 is equipped 
with 


a strap pin (MN/MX) 
which defines 
the system 
con- 


figuration. 
The definition 
of a certain 
subset 
of the 


pins 
changes 
dependent 
on 
the 
condition 
of 
the 


strap pin. When MN/MX 
pin is strapped 
to GND, the 


8086 treats 
pins 24 through 
31 in maximum 
mode. 


An 8288 bus controller 
interprets 
status 
information 


coded 
into So, 52, 52 to generate 
bus timing 
and 


control 
signals compatible 
with the MUl TISUS® 
ar- 


chitecture. 
When the MN/MX 
pin is strapped 
to Vcc, 


the 8086 generates 
bus control 
signals itself on pins 


24 through 
31, as shown in parentheses 
in Figure 2. 


Examples 
of minimum 
mode 
and 
maximum 
mode 


systems 
are shown 
in Figure 4. 


The 
8086 
has a combined 
address 
and 
data 
bus 


commonly 
referred 
to 
as a time 
multiplexed 
bus. 


This 
technique 
provides 
the 
most 
efficient 
use 
of 


pins on the processor 
while permitting 
the use of a 


standard 
40-lead 
package. 
This "local 
bus" 
can be 


buffered 
directly 
and 
used 
throughout 
the 
system 


with address 
latching 
provided 
on memory 
and I/O 


modules. 
In addition, 
the bus can also 
be demulti- 


plexed at the processor 
with a single set of address 


latches 
if a standard 
non-multiplexed 
bus is desired 


for the system. 


Each 
processor 
bus cycle 
consists 
of at least four 


ClK 
cycles. These are referred 
to as T 1, T2, T3 and 


T4 (see Figure 
5). The address 
is emitted 
from the 


processor 
during T 1 and data transfer 
occurs 
on the 


~us duri~g T~ and T4. T2 is used primarily for chang- 
Ing the direction 
of the bus during read operations. 
In 


the event 
that a "NOT 
READY" 
indication 
is given 


by the addressed 
device, 
"Wait" 
states 
(Tw) are in- 


serted 
between 
T3 and 
T4. Each 
inserted 
"Wait" 


state is of the same duration 
as a ClK 
cycle. Periods 
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Figure 4b. Maximum 
Mode 8086 Typical 
Configuration 
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inter 


can occur between 8086 bus cycles. These are re- 
ferred to as "Idle" states (TI) or inactive elK cycles. 
The processor uses these cycles for internal house- 
keeping. 


During T1 of any bus cycle the ALE (Address latch 
Enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 


Status bits So, S1' and S2 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 


I' 
T, 


(4 + NwAITI- 
fev -----1' 


T2 
T3 
TWAlT 
I 
T4 


I" + HwAITl 
= Tev -----~'I 


T2 
T3 
TWAIT 
1 
T. 


S2 
Sl 
So 
Characteristics 


o (lOW) 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 


0 
1 
0 
Write I/O 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Instruction Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


\_- 


---_-8..... 
_D_AT_A_DUT_'D_,_•• llol 
)-- 
~ 
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Status bits S3 through S7 are multiplexed with high- 
order address bits and the SHE signal, and are 
therefore valid during T2 through T4. S3 and S4 indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 


54 
53 
Characteristics 


o (lOW) 
0 
Alternate Oata (extra segment) 


0 
1 
Stack 


1 (HIGH) 
0 
Code or None 


1 
1 
Oata 


S5 is a reflection of the PSW interrupt enable bit. 
S6 = 0 and S7 is a spare status bit. 


In the 8086, 110 operations can address up to a 
maximum of 64K 110 byte registers or 32K 110 word 
registers. The 110 address appears in the same for- 
mat as the memory address on bus lines A15-Ao. 
The address lines A19-A16 are zero in 110 opera- 
tions. The variable 110 instructions which use regis- 
ter OXas a pointer have full address capability while 
the direct 110 instructions directly address one or 
two of the 256 110 byte locations in page 0 of the 
110 address space. 


110 ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the 07-00 
bus lines and odd addressed 


bytes on 015-08. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 


Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8086 
RESET is required to be HIGH for greater than 4 
ClK cycles. The 8086 will terminate operations on 
the high-going edge of RESET and will remain dor- 
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se- 
quence for approximately 10 ClK cycles. After this 
interval the 8086 operates normally beginning with 
the instruction in absolute location FFFFOH(see Fig- 
ure 3b). The details of this operation are specified in 
the Instruction Set description of the MCS-86 Family 
User's Manual. The RESET input is internally syn- 
chronized to the processor clock. At initialization the 
HIGH-to-LOW transition of RESET must occur no 
sooner than 50 JLs after power-up, to allow complete 
initialization of the 8086. 


NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 


All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlOA are driven low. 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and 
corresponds to an interrupt "type". An interrupting 
device supplies an 8-bit type number, during the in- 
terrupt acknowledge sequence, which is used to 
"vector" through the appropriate element to the new 
interrupt service program location. 


The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) 


NMI is required to have a duration in the HIGH state 
of greater than two elK cycles, but is not required to 
be synchronized to the clock. Any high-going tran- 
sition of NMI is latched on-chip and will be serviced 
at the end of the current instruction or between 
whole moves of a block-type instruction. Worst case 
response to NMI would be for multiply, divide, and 
variable shift instructions. There is no specification 
on the occurrence of the low-going edge; it may oc- 
cur before, during, or after the servicing of NMI. An- 
other high-going edge triggers another response if it 
occurs after the start of the NMI procedure. The sig- 
nal must be free of logical spikes in general and be 
free of bounces on the low-going edge to avoid trig- 
gering extraneous responses. 


inter 


The 8086 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The .enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (Figure 6) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 8086 emits the LOCK 
signal from T2 of the first bus cycle until T2 of the 
second. A local bus "hold" request will not be hon- 
ored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 8259A PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 


When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In maximum mode, the processor issues ap- 
propriate HALT status on 82, 81, and 80; and the 
8288 bus controller issues one ALE. The 8086 will 
not leave the "HALT" state when a local bus "hold" 
is entered while in "HALT". In this case, the proces- 
sor reissues the HALT indicator. An interrupt request 
or RESET will force the 8086 out of the "HALT" 
state. 


READ/MODIFY/WRITE 
(SEMAPHORE) 
OPERATIONS VIA LOCK 


The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required 
during 
the 
execution 
of 
an 
instruc- 
tion. This provides the processor with the capability 
of 
performing 
read/modify/write 
operations 
on 
memory (via the Exchange Register With Memory 
instruction, for example) without the possibility of an- 
other system bus master receiving intervening mem- 
ory cycles. This is useful in multi-processor system 
configurations to accomplish "test and set lock" op- 
erations. The LOCK signal is activated (forced LOW) 
in the clock cycle following the one in which the soft- 
ware "LOCK" prefix instruction is decoded by the 
EU. It is deactivated at the end of the last bus cycle 
of the instruction following the "LOCK" prefix in- 
struction. While LOCK is active a request on a RQ/ 
GT pin will be recorded and then honored at the end 
of the LOCK. 
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Figure 6. Interrupt Acknowledge 
Sequence 
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As an alternative to the interrupts and general I/O 
capabilities, the 8086 provides a single software- 
testable input known as the TEST signal. At any time 
the program may execute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro- 
gram execution becomes suspended while the proc- 
essor waits for TEST to become active. It must 
remain active for at least 5 eLK cycles. The WAIT 
instruction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
8086 drivers go to 3-state OFF if bus "Hold" is en- 
tered. If interrupts are enabled, they may occur while 
the processor is waiting. When this occurs the proc- 
essor fetches the WAIT instruction one extra time, 
processes the interrupt, and then re-fetches and re- 
executes the WAIT instruction upon returning from 
the interrupt. 


Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MX pin is strapped to Vcc and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod- 
ed status information which the 8288 bus controller 
uses to generate MULTISUS compatible bus control 
signals. Figure 5 illustrates the signal timing relation- 
ships. 
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The read cycle begins in T1 with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (low- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into the address latch. The SHE and Ao 
signals address the low, high, or both bytes. From T1 
to T4 the M/IO signal indicates a memory or I/O 
operation. At T2 the address is removed from the 
local bus and the bus goes to a high impedance 
state. The read control signal is also asserted at T2. 
The read (RD) signal causes the addressed device 
to enable its data bus drivers to the local bus. Some 
time later valid data will be available on the bus and 
the addressed device will drive the READY line 
HIGH. When the processor returns the read signal to 
a HIGH level, the addressed device will again 3- 
state its bus drivers. If a transceiver is required to 
buffer the 8086 local bus, signals DT/A and DEN 
are provided by the 8086. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The M/IO signal is 
again asserted to indicate a memory or I/O write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During T2, T3, and 
Tw the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 


The SHE and Ao signals are used to select the prop- 
er byte(s) of the memory/IO word to be read or writ- 
ten according to the following table: 


SHE 
AO 
Characteristics 


0 
0 
Whole word 


0 
1 
Upper byte from/to 
odd address 


1 
0 
Lower byte from/to 
even address 


1 
1 
None 


I/O ports are addressed in the same manner as 
memory location. Even addressed bytes are trans- 
ferred on the DrDo 
bus lines and odd addressed 


bytes on D15-D8. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowl~e 
signal (INTA) is asserted in place of the 


read (RD) signal and the address bus is floated. 
(See Figure 6.) In the second of two successive 
INTA cycles, a byte of information is read from bus 


lines DrDo 
as supplied by the inerrupt system logic 


(i.e., 8259A Priority Interrupt Controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into an interrupt 
vector lookup table, as described earlier. 


BUS TIMING-MEDIUM 
SIZE SYSTEMS 


For medium size systems the MN/MX pin is con- 
nected to Vss and the 8288 Bus Controller is added 
to the system as well as a latch for latching the sys- 
tem address, and a transceiver to allow for bus load- 
ing greater than the 8086 is capable of handling. 
Signals ALE, DEN, and DT/Fi are generated by the 
8288 instead of the processor in this configuration 
although their timing remains relatively the same. 
The 8086 status outputs (52, 51, and So) provide 
type-of-cycle information and become 8288 inputs. 
This bus cycle information specifies read (code, 
data, 
or 
I/O), 
write 
(data 
or 
I/O), 
interrupt 


acknowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, I/O 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad- 
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence data isn't valid at the 
leading edge of write. The transceiver receives the 
usual DIR and G inputs from the 8288's DTtR and 
DEN. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8259A Priority Interrupt 
Controller is positioned on the local bus, a TTL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl- 
edge sequence and software "poll". 


intJ 


•Notice: Stresses above those listed under ':4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Tempera.ture 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to + 7V 


Power Dissipation 
2.5W 


D.C. CHARACTERISTICS 
(8086: 
TA = O·C to 70·C. Vcc = 5V ± 10%) 
(8086-1: TA = O·C to 70·C. Vcc = 5V ± 5%) 
(8086-2: TA = O·C to 70·C. Vcc = 5V ± 5%) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc 
+ 0.5 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOl = 2.5mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = - 
400lJoA 


Icc 
Power Supply Current: 8086 
340 


8086-1 
360 
mA 
TA = 25·C 
8086-2 
350 


III 
Input Leakage Current 
±10 
IJoA 
OV S; VIN S; Vcc 


ILa 
Output Leakage Current 
±10 
IJoA 
0.45V 
S; VOUT S; Vcc 


VCl 
Clock Input Low Voltage 
-0.5 
+0.6 
V 


VCH 
Clock Input High Voltage 
3.9 
Vcc+ 
1.0 
V 


CIN 
Capacitance 
of Input Buffer 
15 
pF 
fc = 1 MHz 
(All input except 
ADo-AD15. 
RQ/GT) 


CIO 
Capacitance 
of I/O Buffer 
15 
pF 
fc = 1 MHz 
(ADo-AD15. 
RQ/GT) 


NOTES: 
1. VIL tested 
with MN/MX 
Pin = OV. 


2. VIH tested 
with MN/MX 
Pin = 5V. 
MN/MX 
Pin is a Strap 
Pin. 


inter 


A.C. CHARACTERISTICS 
(8086: 
'rA = O·C to 70·C, VCC = 5V ± 10%) 
(8086-1:TA 
= O·Cto 70·C, VCC = 5V ± 5%) 
(8086-2: TA = O·C to 70·C, VCC = 5V ± 5%) 


Symbol 
Parameter 
8086 
8086-1 
8086-2 
Units 
Test Conditions 
Mln 
Max 
Min 
Max 
Min 
Max 


TClCl 
ClK 
Cycle Period 
200 
500 
100 
500 
125 
500 
ns 


TClCH 
ClKlowTime 
118 
53 
68 
ns 


TCHCl 
ClK 
High Time 
69 
39 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
10 
ns 
From 1.0V to 3.5V 


TCl2Cl1 
ClKFaliTime 
10 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
30 
5 
20 
ns 


TClOX 
Data in Hold Time 
10 
10 
10 
ns 


TR1VCl 
ROY Setup Time 
35 
35 
35 
ns 
into 8284A (See 
Notes 1, 2) 


TClR1X 
ROY Hold Time 
0 
0 
0 
ns 
into 8284A (See 
Notes 1, 2) 


TRYHCH 
READY Setup 
118 
53 
68 
ns 


Time into 8086 


TCHRYX 
READY Hold Time 
30 
20 
20 
ns 
into 8086 


TRYlCl 
READY Inactive to 
-8 
-10 
-8 
ns 
ClK 
(See Note 3) 


THVCH 
HOLD Setup Time 
35 
20 
20 
ns 
, 


TINVCH 
INTR, NMI, TEST 
30 
15 
15 
ns 
Setup Time (See 
Note 2) 


TILIH 
Input Rise Time 
20 
20 
20 
ns 
From 0.8V to 2.0V 


(Except ClK) 


TIHll 
Input Fall Time 
12 
12 
12 
ns 
From 2.0V to 0.8V 
(Except ClK) 


inter 


Symbol 
Parameter 
8086 
8086·1 
8086·2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


TCLAV 
Address Valid Delay 
10 
110 
10 
50 
10 
60 
ns 


TCLAX 
Address Hold Time 
10 
10 
10 
ns 


TCLAZ 
Address Float 
TCLAX 
80 
10 
40 
TCLAX 
50 
ns 
Delay 


TLHLL 
ALE Width 
TCLCH-20 
TCLCH-10 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
80 
40 
50 
ns 


TCHLL 
ALE Inactive Delay 
85 
45 
55 
ns 


TLLAX 
Address Hold Time 
TCHCL-10 
TCHCL-10 
TCHCL-10 
ns 


TCLDV 
Data Valid Delay 
10 
110 
10 
50 
10 
60 
ns 
·Cl 
= 20-100 
pF 


TCHDX 
Data Hold Time 
10 
10 
10 
for all 8086 
ns 
Outputs (In 
TWHDX 
Data Hold Time 
TCLCH-30 
TCLCH·25 
TCLCH-30 
ns 
addition to 8086 
AfterWR 
selfload) 


TCVCTV 
Control Active 
10 
110 
10 
50 
10 
70 
ns 
Delay 1 


TCHCTV 
Control Active 
10 
110 
10 
45 
10 
60 
ns 
Delay 2 


TCVCTX 
Control Inactive 
10 
110 
10 
50 
10 
70 
ns 
Delay 


TAZRL 
Address Float to 
0 
0 
0 
ns 
READ Active 


TCLRL 
RD Active Delay 
10 
165 
10 
70 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
150 
10 
60 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-35 
TCLCL-40 
ns 
Address Active 


TCLHAV 
HLDA Valid Delay 
10 
160 
10 
60 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-40 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-60 
2TCLCL-35 
2TCLCL-40 
ns 


TAVAL 
Address Valid to 
TCLCH-60 
TCLCH·35 
TCLCH-40 
ns 
ALE Low 


TOLOH 
Output Rise Time 
20 
20 
20 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
12 
12 
12 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 8284A 
shown 
for reference 
only. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next elK. 
3. Applies 
only to T2 state. 
(8 ns into T3). 


...----v.._ ~,~,a_ •.•V- 
G.4s-.-7\ 
A- 


DEYICE 
UNDER 
TEST 


A.C. TesUng: 
Inputs 
are driven 
at 2,4V for a Logic 
"1" 
and 0,45V 


for a Logic 
"0". 
Timing 
measurements 
are made 
at 1.5V for both 


a Logic 
"1 ,. and "0". 


READ CYCLE 


(NOTE 
11 


(WIl. 1llTA. YOH) 
OT/R 


FLOAT 


TAHAY 


inter 


INTA 
CYCLE 
(NOTES'.3) 
~~~JOH 


WRITE 
CYCLE 


O<OTE 
l) 
DEij 


~~I 


SOFTWARE HALT- 
RD, WR,INTA 
= VOH 
DT/R = INDETERMINATE 


NOTES: 
1. All signals 
switch 
between 
VOH and VOL unless 
otherwise 
specified. 
2. RDY is sampled 
near the end of T2. T3. Tw to determine 
if Tw machines 
states 
are to be inserted. 
3. Two 
INTA 
cycles 
run back-to-back. 
The 
8086 
LOCAL 
ADDR/DATA 
BUS 
is floating 
during 
both 
INTA 
cycles. 
Control 
signals 
shown 
for second 
INTA cycle. 
4. Signals 
at 8284A 
are shown 
for reference 
only. 


5. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 


inter 


MAX MODE 
SYSTEM 
(USING 
8288 BUS CONTROLLER) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
8086 
8086-1 
8086-2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


TClCl 
ClK 
Cycle Period 
200 
500 
100 
500 
125 
500 
ns 


TClCH 
ClK 
low 
Time 
118 
53 
68 
ns 


TCHCl 
ClK 
High Time 
69 
39 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
10 
ns 
From 1.0V to 3.5V 


TCl2Cl1 
ClK 
Fall Time 
10 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
30 
5 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
10 
ns 


TR1VCl 
ROY Setup Time 
35 
35 
35 
ns 


into 8284A 
(Notes 1, 2) 


TClR1X 
ROY Hold Time 
0 
0 
0 
ns 


into 8284A 
(Notes 1, 2) 


TRYHCH 
READY Setup 
118 
53 
68 
ns 


Time into 8086 


TCHRYX 
READY Hold Time 
30 
20 
20 
ns 


into 8086 


TRYlCl 
READY Inactive to 
-8 
-10 
-8 
ns 


ClK 
(Note 4) 


TINVCH 
Setup Time for 
30 
15 
15 
ns 


Recognition 
(INTR, 
NMI, TEST) 
(Note 2) 


TGVCH 
RQ/GT 
Setup Time 
30 
15 
15 
ns 


(Note 5) 


TCHGX 
RQ Hold Time into 
40 
20 
30 
ns 


8086 


TILIH 
Input Rise Time 
20 
20 
20 
ns 
From 0.8V to 2.0V 
(Except ClK) 
, 


TIHll 
Input Fall Time 
12 
12 
12 
ns 
From 2.0V to 0.8V 
(Except ClK) 


Symbol 
Parameter 
8086 
8086-1 
8086-2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Min 
Max 
Conditions 


TCLML 
Command 
Active 
10 
35 
10 
35 
10 
35 
ns 


Delay (See Note 1) 


TCLMH 
Command 
Inactive 
10 
35 
10 
35 
10 
35 
ns 


Delay (See Note 1) 


TRYHSH 
READY Active to 
110 
45 
65 
ns 


Status Passive (See 
Note 3) 


TCHSV 
Status Active Delay 
10 
110 
10 
45 
10 
60 
ns 


TCLSH 
Status Inactive 
10 
130 
10 
55 
10 
70 
ns 


Delay 


TCLAV 
Address 
Valid Delay 
10 
110 
10 
50 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
10 
40 
TCLAX 
50 
ns 


TSVLH 
Status Valid to ALE 
15 
15 
15 
ns 


High (See Note 1) 
, 


TSVMCH 
Status Valid to 
15 
15 
15 
ns 


MCE High (See 
Note 1) 


TCLLH 
CLK Low to ALE 
15 
15 
15 
ns 
CL = 20-100 pF 
Valid (See Note 1) 
for all 8086 


TCLMCH 
CLK Low to MCE 
15 
15 
15 
ns 


Outputs 
(In 
addition 
to 8086 
High (See Note 1) 
self-load) 


TCHLL 
ALE Inactive 
Delay 
15 
15 
15 
ns 


(See Note 1) 
, 


TCLMCL 
MCE Inactive Delay 
15 
15 
15 
ns 


(See Note 1) 


TCLDV 
Data Valid Delay 
10 
110 
10 
50 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
10 
ns 


TCVNV 
Control Active 
5 
45 
5 
45 
5 
45 
ns 


Delay (See Note 1) 


TCVNX 
Control 
Inactive 
10 
45 
10 
45 
10 
45 
ns 


Delay (See Note 1) 


TAZRL 
Address 
Float to 
0 
0 
0 
ns 


READ Active 


TCLRL 
RD Active Delay 
10 
165 
10 
70 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
150 
10 
60 
10 
80 
ns 


inter 


Symbol 
Parameter 
8086 
8086-1 
8086·2 
Units 
Test 


Min 
Max 
Mln 
Max 
Min 
Max 
Conditions 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-35 
TCLCL-40 
ns 


Address 
Active 


TCHDTL 
Direction 
Control 
50 
50 
50 
ns 
CL = 20-100 
pF 
Active 
Delay 
for all 8086 


(Note 1) 
Outputs 
(In 
addition to 8086 
TCHDTH 
Direction 
Control 
30 
30 
30 
ns 
self-load) 
Inactive 
Delay 
(Note 1) 


TCLGL 
GT Active Delay 
0 
85 
0 
38 
0 
50 
ns 
(Note 5) 


TCLGH 
GT Inactive 
Delay 
0 
85 
0 
45 
0 
50 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-40 
2TCLCL-50 
ns 


TOLOH 
Output Rise Time 
20 
20 
20 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
12 
12 
12 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 8284A 
or 8288 shown 
for reference 
only. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next CLK. 
3. Applies 
only to T3 and wait states. 
4. Applies 
only to T2 state 
(8 ns into T3). 
5. Change 
from 
1985 Handbook. 


inter 


I 


ALE (1218 OUTPUT) 


SEE NOTES 


ROY_INPUT) 


8218 
OUTPUTS 


••• 
0•••• 
] 


INTACYCLE 


NOTES: 
1. All signals 
switch 
between 
VOH and VOL unless 
otherwise 
specified. 
2. RDY is sampled 
near the end of T2, T3, TW to determine 
if TW machines 
states 
are to be inserted. 


3. Cascade 
address 
is valid between 
first and second 
INTA cycle. 
4. Two 
INTA cycles 
run back-to-back. 
The 8086 
LOCAL 
ADDR/DATA 
BUS is floating 
during 
both 
INTA cycles. 
Control 
for 
pointer 
address 
is shown 
for second 
INTA cycle. 
5. Signals 
at 8284A 
or 8288 are shown 
for reference 
only. 
6. The issuance 
of the 8288 
command 
and control 
signals 
(MRDC, 
MWTC, 
AMWC, 
IORC, 
IOWC, AIOWC, 
INTA and DEN) 


lags the active 
high 8288 CEN. 


7. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
8. Status 
inactive 
in state just prior to T4. 


CLK 


HMO 


1·,·< 


IHTR 


TEsT 


NOTE: 
1. Setup 
requirements 
for asynchronous 
signals.only 
to guarantee 
recognition 
at next eLK. 


BUS LOCK SIGNAL 
TIMING 
(MAXIMUM 
MODE 


ONLY) 


-LOCK~ 
T_"f 


O\Oll-ACt 
~M'" 
...,., 
>----------------1 


NorE: 
The coprocessor 
may not drive the buses outside 
the region 
shown 
without 
risking 
contention. 


inter 


1~ 
HOLOJ 


COPA~ESSOA 


intJ 


Mnemonic and 


Descrtption 


DATA TRANSFER 


MOV = Move: 


Register/Memory to/from Register 


Immediate to Register/Memory 


Immediate to Register 


Memory to Accumulat"r 


Accumulator to Memory 


Register/Memory to Segment Register 


Segment Register to Register/Memory 


Register/Memory 


Register 


Segment Register 


pop = Pop: 


Register/Memory 


Register 


Segment Register 


XCHG = Exchange: 


Register/Memory with Register 


Register with Accumulator 


IN = Input from: 


Fixed Port 


Variable Port 


OUT = Output to: 


Fixed Port 


Variable Port 


XLAT = Translate Byte to AL 


LEA = Load EA to Register 


LOS = Load Pointer to OS 


LES = Load Pointer to ES 


LAHF = Load AH with Flags 


SAHF = Store AH into Flags 


PUSHF = Push Flags 


POPF = Pop Flags 


76543210 


100010dw 


1100011 
w 


1011 
wreg 


1010000w 


1010001w 


10001110 


10001100 


11111111 


01010reg 


000reg110 


I 
10001111 
I- 
01011 
reg 


I 
000reg111 


1000011w 


10010reg 


1110010w 


1110110w 


1110011 
w 


1110111 
w 


11010111 


10001101 


11000101 


11000100 


10011111 


10011110 


10011100 


10011101 


76543210 
76543210 


mod 
reg 
rIm 


modOOOr/m 
data 


data 
dataffw = 1 


addr-Iow 
addr-high 


addr-Iow 
addr-high 


mod 0 reg r/m 


mod o reg r/m 


mod 11 Or/m 


mod reg r/m 


mod reg r/m 


mod reg r/m 


inter 


Table 2. Instruction 
Set Summary (Continued) 


intJ 
8086 


Table 2. Instruction 
Set Summary (Continued) 


Mnemonic and 


I 
Instruction Code 
Description 


LOGIC 
76543210 
76543210 
76543210 
76543210 


NOT = Invert 
1111011w 
modO 1 Or/m 


SHLISAL = Shift Logical/Arithmetic Left 
110100vw 
mod 1 OOr/m 


SHR = Shift Logical Right 
110100vw 
mod 101 rIm 


SAR = Shift Arithmetic Right 
110100vw 
mod 111 rIm 


ROL = Rotate Left 
110100vw 
mod 0 0 0 rIm 


ROR = Rotate Right 
110100vw 
mod001 
rIm 


RCL = Rotate Through Carry Flag Left 
110100vw 
mod 0 10 rIm 


RCR = Rotate Through Carry Right 
110100vw 
modO 11 rIm 


AND = And: 


Reg.lMemory and Register to Either 
001000dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 100 rIm 
data 
dataifw 
= 1 


Immediate to Accumulator 
0010010w 
data 
dataifw 
= 1 


TEST = And Functlon to Flags, No Result: 


Register/Memory and Register 
1000010w 
mod reg r/m 


Immediate Data and Register/Memory 
1111011 
w 
modOOOr/m 
data 
dataifw 
~ 1 


Immediate Data and Accumulator 
1010100w 
data 
dataifw 
~ 1 


OR = Or: 


Reg.lMemory and Register to Either 
000010dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
modOO 1 rIm 
data 
data ifw = 1 


Immediate to Accumulator 
0000110w 
data 
dataifw 
= 1 


XOR ~ Exclusive or: 


Reg.lMemory and Register to Either 
001100dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
mod 11 Or/m 
data 
dataifw 
= 1 


Immediate to Accumulator 
0011010w 
data 
dataifw 
~ 1 


. 


STRING MANIPULATION 


REP = Repeat 
1111001 
z 


MOVS = Move Byte/Word 
1010010w 


CMPS = Compare Byte/Word 
1010011 
w 


SCAS = Scan Byte/Word 
1010111 
w 


LODS = Load Byte/Wd to All AX 
1010110w 


STOS = Stor Byte/Wd from AL/ A 
1010101 
w 


CONTROL TRANSFER 


CALL = Call: 


Direct within Segment 
11101000 
disp-Iow 
disp-high 


Indirect within Segment 
11111111 
modO 1 Or/m 


Direct Intersegment 
10011010 
offset-low 
Offset-high 


seg-Iow 
seg-high 


Indirect Intersegment 
11111111 
mod011 
rim 


Mnemonics 
@) Intel, 1978 


inter 


JMP ~ Unconditional 
Jump: 


Direct within Segment 


Direct within Segment-Short 


Indirect within Segment 


Direct Intersegment 


RET ~ Return from CALL: 


Within Segment 


Within Seg Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ ~ Jump on Equal/Zero 


JLlJNGE 
~ Jump on Less/Not Greater 


or Equal 
JLE/ JNG = Jump on Less or Equal! 


Not Greater 
JB/JNAE = Jump on Below/Not Above 
or Equal 
JBE/JNA ~ Jump on Below or Equal/ 
Not Above 
JP/JPE ~ Jump on Parity/Parity Even 


JO = Jump on Overflow 


JS ~ Jump on Sign 


JNE/JNZ = Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
or Equal 
JNLE/ JG ~ Jump on Not Less or Equal! 
Greater 
JNB/JAE = Jump on Not Below/ Above 
or Equal 
JNBE/JA 
~ Jump on Not Below or 
Equal/ Above 
JNP/JPO ~ Jump on Not Par/Par Odd 


JNO ~ Jump on Not Overflow 


JNS ~ Jump on Not Sign 


LOOP = Loop ex Times 


LOOPZ/LOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE ~ Loop While Not 
Zero/Equal 
JCXZ ~ Jump on ex Zero 


76543210 


11101001 


11101011 


11111111 


11101010 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


disp-Iow 


disp 


modl00r/m 


sag-lOW 


mod 1 0 1 rIm 


76543210 


disp-high 


offset-high 


sag-high 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 


01110110 


01111010 


01110000 


01111000 


01110101 


01110111 


01111011 


01111001 


11100010 


INT ~ Interrupt 


Type Specified 


Type 3 


INTO ~ Interrupt on Overflow 


IRET = Interrupt Return 


11100000 


11100011 


11001100 


11001110 


11001111 


Mnemonic and 


DeacrlpUon 


PROCESSORCONTROL 


CLC = Clear Carry 


CMC = Complement Carry 


STC = Set Carry 


CLD = Clear Direction 


STD = Set Direction 


CU = Clear Interrupt 


STI = Set Interrupt 


HLT = Halt 


WAIT = Wait 


ESC = Escape (to External Device) 


LOCK = Bus Lock Prefix 


NOTES: 
AL = B-bit accumulator 
AX = 16-bit accumulator 
CX = Count 
register 
OS = Data segment 
ES = Extra segment 
Above/below 
refers 
to unsigned 
value 


Greater 
= more positive; 
Less = less positive 
(more 
negative) 
signed 
values 


if d = 1 then 
"to" 
reg; if d = 0 then "from" 
reg 


if w = 1 then word 
instruction; 
if w = 0 then byte instruc- 


tion 
if mod = 11 then 
rim 
is treated 
as a REG field 


if mod = 00 then 
015P = 0', 
disp-Iow 
and disp-high 
are 


absent 
if 
mod 
= 
01 
then 
OISP 
= 
disp-Iow 
sign-extended 
to 


16 bits, disp-high 
is absent 
if mod = 10 then 
OISP = disp-high; 
disp-Iow 


if rim 
= 000 then EA = (BX) + (51) + 015P 


if rim 
= 001 then 
EA = (BX) + (01) + OISP 


if rim 
= 010 then 
EA = (BP) + (SI) + 015P 


if rim 
= 011 then 
EA = (BP) + (01) + OISP 


if rim 
= 100 then 
EA = (SI) + 015P 


if rim 
= 101 then 
EA = (01) + OISP 


if rim 
= 110 then 
EA = (BP) + OISP' 
if rim = 111 then 
EA = (BX) + OISP 


OISP 
follows 
2nd 
byte 
of 
instruction 
(before 
data 
if re- 
quired) 
'except 
if mod = 00 and rim = 110 then EA = disp-high; 
disp-Iow. 


Mnemonics 
@ Intel, 197B 


if s w = 01 then 
16 bits of immediate 
data form 
the oper- 


and 
if s w = 11 then 
an immediate 
data 
byte is sign extended 


to form the 16-bit operand 
if v = 0 then 
"count" 
= 
1; if v = 
1 then 
"count" 
in (CL) 
x = don't 
care 
z is used for string primitives 
for comparison 
with ZF FLAG 


SEGMENT 
OVERRIDE 
PREFIX 
I 
001reg110 
I 


REG is assigned 
according 
to the following 
table: 


16·Blt (w = 1) 
8-Blt(w 
= 0) 
Segment 


000 
AX 
000 
AL 
00 
E5 


001 
CX 
001 
CL 
01 
C5 


010 
OX 
010 
OL 
10 
55 


011 
BX 
011 
BL 
11 
05 


100 
SP 
100 
AH 


101 
BP 
101 
CH 


110 
51 
110 
OH 


111 
01 
111 
BH 


Instructions 
which 
reference 
the flag register 
file as a 16-bit 


object 
use the symbol 
FLAGS 
to represent 
the file: 


FLAGS = x:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


80C86A 


16-BIT CHMOS MICROPROCESSOR 


• Pln-for-Pln 
and Functionally 
Compatible 
• Architecture 
Designed 
for Powerful 
to Industry 
Standard 
HMOS 8086 
Assembly 
Language 
and Efficient 
High 
• Fully Static Design with Frequency 
Level Languages 


Range from D.C. to: 
• 24 Operand 
Addressing 
Modes 
- 
8 MHz for 80C86A-2 
• Byte, Word and Block Operations 
• Low Power 
Operation 
• 8 and 16-Blt Signed and Unsigned 
-Operating 
Icc 
= 10 mA/MHz 
Arithmetic 
- 
Standby 
IcCS = 500 JJ-Amax 
- 
Binary or Decimal 
• Bus-Hold 
Circuitry 
Eliminates 
Pull-Up 
- 
Multiply and Divide 


Resistors 
• Available 
In 40-Lead 
Plastic DIP 
• Direct Addressing 
Capability 
of 


1 MByte of Memory 


The Intel 80C86A 
is a high performance, 
CHMOS 
version 
of the industry 
standard 
HMOS 8086 
16-bit CPU. 


The 80C86A 
available 
in 8 MHz clock 
rates, offers two modes 
of operation: 
MINimum 
for small systems 
and 
MAXimum 
for larger applications 
such as multiprocessing. 
It is available 
in 40-pin 
DIP package. 


ONO , 
Y•• 


AD" 
• 
AD" 


AD13 
3 
AD,"13 


ADl, 
• 
3T 
A171S4 


AD11 
31 
.0'1185 


ADI. 
35 
A111M 


ADO 
34 
.H£!S? 


ADO 
33 
-.;u 


32 
iiii 


ADO 
IOCIIA 
3' 
iiatoTO(HOLD) 
CPU 
ADS 
30 
~T1(HLDA} 


ADO 
•• 
LOCK 
!WA) 


AD> 
•• 
52 
(1IIJiO) 


Am 
,. 
'T 
51 
(DT"') 


AD' 
•• 
so 
(DEli) 


ADO 
25 
aso 
(ALE) 
- 
•• 
as, 
(1NT.o) 
"'"' 


23 
nST 


CLK 
22 
READY 


ONO 
20 
" 


RESET 


240029-2 


Figure 2. 80C86A 


40-Lead 
DIP Configuration 


Figure 1. 80C86A 


CPU Block Diagram 
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Table 
1. Pin Description 


The following 
pin function 
descriptions 
are for BOCB6AA 
systems 
in either minimum 
or maximum 
mode. 
The 
"Local 
Bus" 
in these descriptions 
is the direct multiplexed 
bus interface 
connection 
to the BOCB6A 
(without 
regard 
to additional 
bus buffers). 


Symbol 
Pin No. 
Type 
Name and Function 


AD15-ADo 
2-16,39 
I/O 
ADDRESS 
DATA BUS: These lines constitute 
the time multiplexed 


memory/IO 
address 
(T1) and data (T2, T3' Tw, T4) bus. Ao is 


analogous 
to SHE for the lower byte of the data bus, pins DrDo. 
It 


is LOW during T 1 when a byte is to be transferred 
on the lower 


portion of the bus in memory or I/O operations. 
Eight-bit oriented 


devices tied to the lower half would normally 
use Ao to condition 


.. 
chip select functions. 
(See SHE.) These lines are active HIGH and 


float to 3-state OFF(1) during interrupt 
acknowledge 
and local bus 
"hold acknowledge." 


A19/S6, 
35-38 
0 
ADDRESS/STATUS: 
During T 1 these are the four most significant 


A18/S5, 
address lines for memory operations. 
During I/O operations 


A17/S4, 
these lines are LOW. During memory and I/O operations, 


A16/S3 
status information 
is available 
on these lines during T2, T3, Tw, 


and T4. The status of the interrupt 
enable FLAG bit (S5) is updated 


at the beginning 
of each CLK cycle. A17/S4 and A16/S3 are 


encoded 
as shown. 


This information 
indicates 
which relocation 
register is presently 


being used for data accessing. 


These lines float to 3-state OFF(1) during local bus "hold 
acknowledge. 
" 


A17/S4 
A16/S3 
Characteristics 


o (LOW) 
0 
Alternate 
Data 


0 
1 
Stack 


1 (HIGH) 
0 
Code or None 


1 
1 
Data 


S6 isO 
(LOW) 


SHE/S7 
34 
0 
BUS HIGH ENABLE/STATUS: 
During T 1 the bus high enable signal 


(SHE) should be used to enable data onto the most significant 
half 


of the data bus, pins D15-D8. 
Eight-bit oriented 
devices tied to the 


.: 
upper half of the bus would normally 
use SHE to condition 
chip 


select functions. 
SHE is LOW during T1 for read, write, and interrupt 


acknowledge 
cycles when a byte is to be transferred 
on the high 


portion of the bus. The S7 status information 
is available 
during T2, 


T3, and T4. The signal is active LOW, and floats to 3-state OFF(1) in 
"hold." 
It is LOW during T1 for the first interrupt 
acknowledge 
cycle. 


BHE 
Ao 
Characteristics 


0 
0 
Whole word 


0 
1 
Upper byte from/ 
to odd address 


1 
0 
Lower byte from/ 
to even address 


1 
1 
None 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performing 
a 


- 
memory of I/O read cycle, depending 
on the state of the S2 pin. 


This signal is used to read devices which reside on the 80C86A 
, 
local bus. RD is active LOW during T2, T3 and Tw of any read cycle, 


r. 
and is guaranteed 
to remain HIGH in T2 until the 80C86A 
local bus 
, 


has floated. 


This floats to 3-state OFF in "hold acknowledge:' 


READY 
22 
I 
READY: is the acknowledgement 
from the addressed 
memory or 


I/O device that it will complete 
the data transfer. 
The READY signal 


from memory/IO 
is synchronized 
by the 82C84A Clock Generator 
to form READY. This signal is active HIGH. The 80C86A 
READY 


input is not synchronized. 
Correct operation 
is not guaranteed 
if the 


setup and hold times are not met. 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is sampled 


during the last clock cycle of each instruction 
to determine 
if the 


processor 
should enter into an interrupt 
acknowledge 
operation. 
A 


subroutine 
is vectored 
to via an interrupt vector 
lookup table 


- 
located 
in system memory. 
It can be internally 
masked by software 


resetting 
the interrupt 
enable bit. INTR is internally 
synchronized. 


This signal is active HIGH. 


TEST 
23 
I 
TEST: input is examined 
by the "Wait" 
instruction. 
If the TEST input 
is LOW execution 
continues, 
otherwise 
the processor 
waits in an 
"Idle" 
state. This input is synchronized 
internally 
during each clock 


cycle on the leading edge of CLK. 


NMI 
17 
I 
NON-MASKABLE 
INTERRUPT: 
an edge triggered 
input which 


causes a type 2 interrupt. 
A subroutine 
is vectored 
to via an 


interrupt vector lookup table located in system memory. 
NMI is not 


maskable 
internally 
by software. 
A transition 
from a LOW to HIGH 


initiates the interrupt 
at the end of the current instruction. 
This input 


is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present 


activity. The signal must be active HIGH for at least four clock 
cycles. 
It restarts execution, 
as described 
in the Instruction 
Set 


description, 
when RESET returns LOW. RESET is internally 


synchronized. 


CLK 
19 
I 
CLOCK: provides 
the basic timing for the processor 
and bus 


controller. 
It is asymmetric 
with a 33% duty cycle to provide 


optimized 
internal timing. 


Vcc 
40 
Vcc: + 5V power supply pin. 


GND 
1,20 
GROUND: 
Both must be connected. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to 


operate 
in. The two modes are discussed 
in the following 
sections. 


inter 


Table 1. Pin Description 
(Continued) 


The following pin function descriptions are for the 80C86A182C88 system in maximum mode (i.e., 
MNIMX= 
VssJ.Only the pin functions which are unique to maximum mode are described; all other pin func- 
tions are as described above. 


Symbol 
Pin No. 
Type 
Name and Function 


52,51, SO 
26-28 
0 
STATUS: active during T4, T1, and T2 and is returned 
to the passive 


state (1,1,1) during T3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller 
to generate 
all memory 


and I/O access control 
signals. Any change 
by 52, 51, 50 during T4 


is used to indicate the beginning 
of a bus cycle, and the return to the 


passive state in T3 or Tw is used to indicate the end of a bus cycle. 


These signals float to 3-state OFF(1) in "hold 
acknowledge:' 
These 


status lines are encoded 
as shown. 


52 
51 
So 
Characteristics 


o (lOW) 
0 
0 
Interrupt 
Acknowledge 


0 
0 
1 
Read I/O Port 


. ~ 
0 
1 
0 
Write I/O Port 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Code Access 


1 
0 
1 
Read Memory 


1 
1 
0 
Write Memory 


1 
1 
1 
Passive 


RQ/GTo, 
30,31 
I/O 
REQUESTIGRANT: pins are used by other local bus masters to 
RQ/GT1 
force the processor 
to release the local bus at the end of the 


processor's 
current bus cycle. Each pin is bidirectional 
with RQ/GT 0 


having higher priority than RQ/GT1' 
RQ/GT 
has an internal 
pull-up 


resistor so may be left unconnected. 
The request! grant sequence 
is 


, 
as follows 
(see timing diagram): 


1. A pulse of 1 ClK 
wide from another 
local bus master indicates 
a 


local bus request ("hold") 
to the 80C86A 
(pulse 1). 


2. During a T4 or T1 clock cycle, a pulse 1 ClK 
wide from the 


80C86A to the requesting 
master (pulse 2), indicates 
that the 


80C86A 
has allowed the local bus to float and that it will enter the 
"hold acknowledge" 
state at the next ClK. 
The CPU's bus interface 


unit is disconnected 
logically from the local bus during "hold 


acknowledge." 
3. A pulse 1 ClK 
wide from the requesting 
master indicates 
to the 


80C86A 
(pulse 3) that the "hold" 
request is about to end and that 


80C86A can reclaim the local bus at the next ClK. 


Each master-master 
exchange 
of the local bus is a sequence 
of 3 


pulses. There must be one dead ClK 
cycle after each bus exchange. 


Pulses are active lOW. 


If the request is made while the CPU is performing 
a memory cycle, it 


will release the local bus during T4 of the cycle when all the following 
conditions 
are met: 


1. Request 
occurs on or before T2. 


2. Current cycle is not the low byte of a word (on an odd address). 
3. Current cycle is not the first acknowledge 
of an interrupt 


acknowledge 
sequence. 
4. A locked instruction 
is not currently 
executing. 
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Symbol 
Pin No. 
Type· 
Name and Function 


If the local bus is idle when the request 
is made the two possible 


events will follow: 


1. Local bus will be released 
during the next clock. 


2. A memory cycle will start within 3 clocks. 
Now the four rules for a 


currently 
active memory cycle apply with condition 
number 1 already 


satisfied. 


LOCK 
29 
0 
LOCK: output indicates 
that other system bus masters are not to gain 


control 
of the system bus while LOCK is active LOW. The LOCK 


signal is activated 
by the "LOCK" 
prefix instruction 
and remains 


active until the completion 
of the next instruction. 
This signal is active 


LOW, and floats to 3-state OFF(1) in "hold 
acknowledge." 


QS1,QSO 
24,25 
0 
QUEUE STATUS: 
The queue status is valid during the CLK cycle 


after which the queue operation 
is performed. 


QS1 and QSo provide status to allow external tracking 
of the internal 


80C86A 
instruction 
queue. 


QS1 
QSo 
Characteristics 


o (LOW) 
0 
No Operation 
0 
1 
First By1e of Op Code from Queue 


1 (HIGH) 
0 
Empty the Queue 


1 
1 
Subsequent 
By1e from Queue 


The fol/owing 
pin function 
descriptions 
are for the 80C86A 
in minimum 
mode 
(i.e., MN/MX= VccJ. 
Only the 
pin functions 
which are unique 
to minimum 
mode are described; 
aI/ other pin functions 
are described 
above. 


MilO 
28 
0 
STATUS 
LINE: logically equivalent 
to S2 in the maximum 
mode. It 


is used to distinguish 
a memory access from an 1/0 access. 
MilO 


becomes 
valid in the T4 preceding 
a bus cycle and remains valid 


until the final T4 of the cycle (M = HIGH, 10= LOW). MilO 
floats to 


3-state OFF(1) in local bus "hold acknowledge." 


WR 
29 
0 
WRITE: indicates 
that the processor 
is performing 
a write memory 


or write I/O cycle, depending 
on the state of the MilO 
signal. WR is 


active for T2, T3 and TW of any write cycle. It is active LOW, and 
floats to 3-state OFF(1) in local bus "hold acknowledge." 


INTA 
24 
0 
INTA is used as a read strobe for interrupt 
acknOWledge cycles. 
It is 


active LOW during T2, T3 and Tw of each interrupt 
acknowledge 


cycle. 


ALE 
25 
0 
ADDRESS 
LATCH ENABLE: provided 
by the processor 
to latch 


the address into an address 
latch. It is a HIGH pulse active during 


T1 of any bus cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
needed in minimum 
system that 


desires to use a data bus transceiver. 
It is used to control the 


direction 
of data flow through the transceiver. 
Logically 
DT /R" is 


, 
equivalent 
to S1 in the maximum 
mode, and its timing is the same 


as for MilO. 
(T = HIGH, R = LOW.) This signal floats to 3-state 


OFF(1) in local bus "hold acknowledge." 


Table 
1. Pin Description 
(Continued) 


Name and Function 


DATA ENABLE: provided 
as an output enable for the transceiver 
in 


a minimum system which uses the transceiver. 
DEN is active LOW 


during each memory and I/O access and for INTA cycl~S. For.a 
read or INTA cycle it is active from the middle of T2 until the middle 
of T4, while for a write cycle it is active from the beginning 
of T2 


until the middle of T4. DEN floats to 3-state OFF(1) in local bus 
"hold acknowledge." 


HOLD: indicates 
that another 
master is requesting 
a local bus 


"hold." 
To be acknowledged, 
HOLD must be active HIGH. The 


processor 
receiving 
the "hold" 
request will issue HLDA (HIGH) as 


an acknowledgement 
in the middle of a T 1 clock cycle. 


Simultaneous 
with the issuance 
of HLDA the processor 
will float the 


local bus and control 
lines. After HOLD is detected 
as being LOW, 


the processor 
will LOWer the HLDA, and when the processor 


needs to run another 
cycle, it will again drive the local bus and 


control 
lines. 


The same rules as for RQ/GT 
apply regarding 
when the local bus 


will be released. 
HOLD is not an asynchronous 
input. External synchronization 


should be provided 
if the system cannot otherwise 
guarantee 
the 


setup time. 
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Symbol 


DEN 


Type· 


o 


Pin No. 


26 


HOLD, 
HLDA 


NOTE: 
1. See the section 
on Bus Hold Circuitry. 


STATIC 
OPERATION 


All 80C86A 
circuitry 
is of static design. Internal regis- 


ters, counters 
and latches 
are static and require 
no 


refresh 
as with 
dynamic 
circuit 
design. 
This 
elimi- 


nates 
the 
minimum 
operating 
frequency 
restriction 


placed 
on 
other 
microprocessors. 
The 
CMOS 


80C86A 
can operate 
from DC to the appropriate 
up- 


per 
frequency 
limit. 
The 
processor 
clock 
may 
~e 


stopped 
in either state (high/low) 
and held there in- 


definitely. 
This type of operation 
is especially 
useful 


for system 
debug or power 
critical 
applications. 


The 80C86A 
can be single 
stepped 
using only the 


CPU clock. This state can be maintained 
as long as 


is necessary. 
Single step clock operation 
allows sim- 


ple interface 
circuitry 
to provide 
critical 
information 


for bringing 
up your system. 


Static design also allows very low frequency 
opera- 
tion. 
In a power 
critical 
situation, 
this can 
provide 


extremely 
low power operation 
since 80C86A 
power 


dissipation 
is directly 
related to operating 
frequency. 


As the system 
frequency 
is reduced, 
so is the oper- 
ating power until, ultimately, 
at a DC input frequency, 
the 80C86A 
power 
requirement 
is the standby 
cur- 
rent. 


The internal 
functions 
of the 80C86A 
processor 
are 


partitioned 
logically 
into two 
processing 
units. The 


first is the Bus Interface 
Unit (BIU) and the second 
is 


the Execution 
Unit (EU) as shown 
in the block 
dia- 


gram of Figure 
1. 


These 
units 
can 'interact 
directly 
but for the 
most 


part perform 
as separate 
asynchronous 
operational 


processors. 
The bus interface 
unit provides 
the func- 


tions related to instruction 
fetching 
and queuing, 
op- 


erand fetch and store, and address 
relocation. 
This 


unit also provides 
the basic bus control. 
The overlap 


of 
instruction 
pre-fetching 
provided 
by 
this 
unit 


serves 
to increase 
processor 
performance 
through 
improved 
bus bandwidth 
utilization. 
Up to 6 bytes of 


the instruction 
stream 
can be queued 
while waiting 


for decoding 
and execution. 


The 
instruction 
stream 
queuing 
mechanism 
allows 


the BIU to keep the memory 
utilized very efficiently. 


Whenever 
there 
is space for at least 2 bytes in the 


queue, 
the 
BIU will attempt 
a word 
fetch 
memory 


cycle. 
This 
greatly 
reduces 
"dead 
time" 
on 
the 


memory 
bus. The queue acts as a First-In-First 
Out 


(FIFO) buffer, from which the EU extracts 
instruction 


bytes as required. 
If the queue is empty 
(following 
a 


branch 
instruction, 
for example), 
the first 
byte into 


the queue immediately 
becomes 
available 
to the EU. 


inter 


Memory 
Segment 
Register 


.. 


Segment 


Reference 
Need 
Used 
Selection 
Rule 


Instructions 
CODE (CS) 
Automatic with all instruction prefetch. 


Stack 
STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 
DATA (DS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 
EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 


The execution units receives pre-fetched instruc- 
tions fr()m the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H)to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 


T 
•• 
KS 


} 
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All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 


Physically, the memory is organized as a high bank 
(D15-D8) and a low bank (D7-DO) of 512k a-bit 
bytes addressed in parallel by the processor's ad- 
dress lines. 


A19-A1. Byte data with even addresses is trans- 
ferred on the DrDo bus lines while odd addressed 
byte data (Ao HIGH) is transferred on the D15-D8 
bus lines. The processor provides two enable sig- 
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing 


intJ 


word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro- 
cessing or task multiplexing. 


Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) locations from ad- 
dress FFFFOHthrough FFFFFH are reserved for op- 
erations including a jump to the initial program load- 
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOHwhere the jump 
must be. locations OOOOOH 
through 003FFH are re- 


served for interrupt operations. Each of the 256 pos- 
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 


INTERRUPT POINTER 


FOR TYPE 1 


~-I-N-TE-R-R-U-PT-P-O-IN-T-E-R--i~~ 


FOR TYPE 0 


The requirements for supporting minimum and maxi- 
mum 80C86A systems are sufficiently different that 


they cannot be done efficiently with 40 uniquely de- 
fined pins. Conseque'!!!!y, the 80C86A is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86A treats pins 24 through 31 in maximum 
mode. An 82C88 bus controller interprets status in- 
formation coded into So, 51, 52 to generate bus tim- 
ing and control signals compatible with the MUl TI- 
BUS~ 
architecture. 
When 
the 
MN/MX 
pin 
is 


strapped to Vcc, the 80C86A generates bus control 
signals itself on pins 24 through 31, as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. 


The 80C86A has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff- 
ered directly and used throughout the system with 
address latching provided on memory and I/O mod- 
ules. In addition, the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus is desired for the 
system. 


Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1, T2, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C86A bus cycles. These are 
referred to as "Idle" states (T1) or inactive ClK cy- 
cles. The processor uses these cycles for internal 
housekeeping. 


During T1 of any bus cycle the ALE (Address latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 
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Figure 4b. Maximum Mode 80C86A Typical Configuration 
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Status bits So, 51, and 52 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 


52 
51 
50 
Characteristics 


o (LOW) 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 


0 
1 
0 
Write I/O 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Instruction Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


Status bits S3 through S7 are multiplexed with high- 
order address bits and the SHE signal, and are 


therefore valid during T2 through T4. S3 and S4 indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 


54 
53 
Characteristics 


o (LOW) 
0 
Alternate Data (extra segment) 


0 
1 
Stack 
1 (HIGH) 
0 
Code or None 


1 
1 
Data 


S5 is a reflection of the PSW interrupt enable bit. 
S6=0 and S7 is a spare status pin. 


inter 


In the BOCB6A,I/O operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines A15-AO· 
The address lines A19-A16 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter OX as a pointer have full address capability while 
the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the 
I/O address space. 


I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the 07-00 
bus lines and odd addressed 


bytes on 015-08. Care must be taken to assure that 
each register within an B-bit peripheral located on 
the lower portion of the bus be addressed as even. 


Processor initialization or start up is accomplished 
with activation 
(HIGH) of the 
RESET pin. The 


BOCB6ARESET is required to be HIGH for four or 
more ClK cycles. The BOCB6Awill terminate opera- 
tions on the high-going edge of RESET and will re- 
main dormant as long as RESET is HIGH. The low- 
going transition of RESET triggers an internal reset 
sequence for approximately 7 ClK cycles. After this 
interval the BOCB6Aoperates normally beginning 
with the instruction in absolute location FFFFOH 
(see Figure 3b). The details of this operation are 
specified in the Instruction Set description of the 
MCS@-B6Family User's Manual. The RESET input is 
internally synchronized to the processor clock. At 


initialization the HIGH-to-lOW transition of RESET 
must occur no sooner than 50 fJosafter power-up, to 
allow complete initialization of the BOCB6A. 


NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 


All 3-state outputs float to 3-state OFF(11during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(11.ALE and HlOA are driven low. 


NOTE: 
1. See the section on Bus Hold Circuitry. 


TO avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down 
resistors, 
"bus-hold" 
circuitry 
has 


been used on the BOCB6Apins 2-16, 
26-32, and 


34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (I.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 fJoA'minimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply cur- 
rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 
pull-up resistors. 


Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type". An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to "vec- 
tor" through the appropriate element to the new in- 
terrupt service program location. 


The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt 'request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two CLK cycles, but is not required to be synchroniz- 
ed to the clock. Any high-going transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in- 
structions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


The 80C86A provides a single interrupt request input 
(INTR) which can be masked internally by software 


with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (Figure 7) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 80C86A emits the 
LOCK signal from T2 of the first bus cycle until T2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which reo 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 


When a software "HALT" instruction is executed the 
processor indicates that it is entering the "HALT" 
state in one of two ways depending upon which 
mode is strapped. In minimum mode, the processor 
issues one ALE with no qualifying bus control sig- 
nals. In Maximum Mode, the processor issues ap- 
propriate HALT status on 82, 81 and 80 and the 
82C88 bus controller issues one ALE. The 80C86A 
will not leave the "HALT" state when a local bus 
"hold" is entered while in "HALT". In this case, the 
processor reissues the HALT indicator. An interrupt 
request or RESET will force the 80C86A out of the 
"HALT" state. 
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READ/MODIFY/WRITE 
(SEMAPHORE) 


OPERATIONS 
VIA LOCK 


The LOCK status information is provided by the 
processor when directly consecutive bus cycles are 
required during the execution of an instruction. This 
provides the processor with the capability of per- 
forming read/modify/write 
operations on memory 


(via the Exchange Register With Memory instruction, 
for example) without the possibility of another sys- 
tem bus master receiving intervening memory cy- 
cles. This is useful in mutliprocessor system configu- 
rations to accomplish "test and set lock" operations. 
The LOCK signal is activated (forced LOW) in the 
clock cycle following the one in which the software 
"LOCK" prefix instruction is decoded by the EU. It is 
deactivated at the end of the last bus cycle of the 
instruction following the "LOCK" prefix instruction. 
While LOCK is active a request on a RQ/GT pin will 
be recorded and then honored at the end of the 
LOCK. 


As an alternative to the interrupts and general I/O 
capabilities, the 80C86A provides a single software- 
testable input known as the TEST signal. At any time 
the program may execute a WAIT instruction. If at 
that time the TEST signal is inactive (HIGH), pro- 


gram execution becomes suspended while the proc- 
essor waits for TEST to become active. It must re- 
main active for at least 5 CLK cycles. The WAIT in- 
struction is re-executed repeatedly until that time. 
This activity does not consume bus cycles. The 
processor remains in an idle state while waiting. All 
80C86A drivers go to 3-state OFF if bus "Hold" is 
entered. If interrupts are enabled, they may occur 
while the processor is waiting. When this occurs the 
processor fetches the WAIT instruction one extra 
time, processes the interrupt, and then re-fetches 
and re-executes the WAIT instruction upon returning 
from the interrupt. 


Typical system configurations for the processor op- 
erating in minimum mode and in maximum mode are 
shown in Figures 4a and 4b, respectively. In mini- 
mum mode, the MN/MX pin is strapped to Vcc and 
the processor emits bus control signals in a manner 
similar to the 8085. In maximum mode, the MN/MX 
pin is strapped to Vss and the processor emits cod- 
ed status information which the 82C88 bus control- 
ler uses to generate MULTISUS compatible bus 
control signals. Figure 5 illustrates the signal timing 
relationships. 
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The read cycle begins in T1with the assertion of the 
Address Latch Enable (ALE) signal. The trailing (Iow- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and Ao signals ad- 
dress the low, high, or both bytes. From T1to T4 the 
MilO signal indicates a memory or liD operation. At 
T2 the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
control signal is also asserted at T2. The read (RD) 
signal causes the addressed device to e.nable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is re,guiredto buffer 
the 80C86A local bus, signals DTIR and DEN are 
provided by the 80C86A. 


A write cycle also begins with the assertion ?f AL.E 
and the emission of the address. The MilO signal IS 
again asserted to indicate a memory or liD write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During T2, T3, and 
TW the processor asserts the write control sign~1. 
The write (WR) signal becomes active at the begIn- 
ning of T2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 


The BHE and Ao signals are used to select the prop- 
er byte(s) of the memoryllO word to be read or writ- 
ten according to the following table: 


BHE 
AO 
Characteristics 


0 
0 
Whole word 


0 
1 
Upper byte froml 
to odd address 


1 
0 
Lower byte froml 
to even address 


1 
1 
None 


liD 
ports are addressed in the same manner as 


memory location. Even addressed bytes are trans- 
ferred on the DrDo 
bus lines and odd addressed 


bytes on D15-D8' 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that t~e interrupt ac- 
knowl~e 
signal (INTA) is asserted In pl~ce of the 


read (RD) signal and the address bus IS float~d. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
lines D7-DO as supplied by the interrupt system lo~- 
ic (i.e., 82C59A Priority Interrupt Controller). ThiS 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter- 
rupt vector lookup table, as described earlier. 


BUS TIMING-MEDIUM 
SIZE SYSTEMS 


For medium size systems the MN/MX pin is con- 
nected to Vss and the 82C88 Bus Controller is add- 
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86A is.sapable of han- 
dling. Signals ALE, DEN, and DTIR are generated 
by the 82C88 instead of the processor in this config- 
uration although their timing remain~ f(~!.atively!!Ie 
same. The 80C86A status outputs (S2, S1, and So) 
provide 
type-of-cycle 
inform~tion 
a~d 
bec<:,~e 


82C88 inputs. This bus cycle information speCifies 
read (code, data, or 110), write (data or liD), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, liD 
read or write, or interrupt acknowledge. 


The 82C88 provides'two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn't 
valid at the leading edge of write. The transceiver 
receives the usual T and DE inputs from the 82C88 
DT/R" and DEN. 


The pointer into the interrupt vector table, whic~ is 
passed during the second INTA cycle, can denve 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter- 
rupt Controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 
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Supply Voltage 
(With respect to ground) 
-0.5 
to 7.0V 


Input Voltage 
Applied 
(w.r.t. ground) 
-0.5 
to VCC + 0.5V 


Output 
Voltage 
Applied 
(w.r.t. ground) 
-0.5 
to Vcc + 0.5V 


Power Dissipation 
1.0W 


Storage Temperature 
- 65·C to 150·C 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


D.C. CHARACTERISTICS 
(TA = O·C to 70·C, Vcc = 5V ± 5%) 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
80C86A-2 
Units 
Test Conditions 


Mln 
Max 


V,L 
Input Low Voltage 
-0.5 
+0.8 
V 
. 


V,H 
Input High Voltage 
2.0 
V 


(All inputs except 
clock) 


VeH 
Clock Input High Voltage 
Vee-0.8 
V 


VOL 
Output 
Low Voltage 
0.45 
V 
IOL = 2.5mA 


VOH 
Output 
High Voltage 
3.0 
V 
IOH = -2.5mA 


Vce-0.4 
IOH = -100,..A 


Ice 
Power Supply Current 
10 mAlMHz 
V,L = GND. V,H = Vce 


Ices 
Standby 
Supply Current 
500 
,..A 
V,N = Vce or GND 
Outputs 
Unloaded 


CLK = GND or Vce 


III 
Input Leakage 
Current 
±1.0 
,..A 
OV,:; V,N':; 
Vce 


ISHL 
Input Leakage 
Current 
50 
400 
,..A 
V,N = 0.8V 
(Bus Hold Low) 


ISHH 
Input Leakage 
Current 
-50 
-400 
,..A 
V,N = 3.0V 
(Bus Hold High) 


'SHLO 
Bus Hold Low Overdrive 
600 
,..A 
(Note 2) 


'SHHO 
Bus Hold High Overdrive 
-600 
,..A 
(Note 3) 


ILO 
Output 
Leakage 
Current 
±10 
,..A 
VOUT = GNDorVce 


C,N 
Capacitance 
of Input Buffer 
5 
pF 
(Note 1) 
(AILinputs except 
ADo-AD15. 
RQ/GT) 


C,O 
Capacitance 
of I/O Buffer 
20 
pF 
(Note 1) 
(ADo-AD15. 
RQ/GT) 


COUT 
Output Capacitance 
15 
pF 
(Note 1) 


NOTES: 
1. Characterization 
conditions 
are a) Frequency 
= 1 MHz; b) Unmeasured 
pins at GND; c) V,N at +5.0V 
or GND. 


2. An external 
driver 
must source 
at least ISHLO to switch 
this node from 
LOW to HIGH. 
3. An external 
driver 
must sink at least 'SHHO to switch 
this node from 
HIGH to LOW. 


A.C. CHARACTERISTICS 
(TA = O·Cto 70·C, vcc = 5V ±5%) 


Symbol 
Parameter 
80C86A·2 
Units 
Test 


Mln 
Max 
Conditions 


TClCl 
ClK 
Cycle Period 
125 
D.C. 
ns 


TClCH 
ClK 
low Time 
68 
ns 


TCHCl 
ClK 
High Time 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
ns 
From 1.0V to 3.5V 


TCL2Cl1 
ClK 
Fall Time 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
20 
ns 


TClDX 
Data in Hold Time 
10 
ns 


TR1VCl 
ROY Setup Time 
35 
ns 


into 82C84A 
(Notes 1, 2) 


TClR1X 
ROY Hold Time 
0 
ns 


into 82C84A 
(Notes 1, 2) 


TRYHCH 
READY Setup 
68 
ns 


Time into 80C86A 


TCHRYX 
READY Hold Time 
20 
ns 


into 80C86A 


TRYlCl 
READY Inactive to 
-8 
ns 


ClK 
(Note 3) 


THVCH 
HOLD Setup Time 
20 
ns 


TINVCH 
INTR, NMI. TEST 
15 
ns 


Setup Time 
(Note 2) 


TILIH 
Input Rise Time 
15 
ns 
From 0.8V to 2.0V 
(Except ClK) 


TIHll 
Input Fall Time 
15 
ns 
From 2.0V to 0.8V 
(Except ClK) 
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A.C. CHARACTERISTICS 
(Continued) 


(TA = 0·Cto70·C, 
Vcc = 5V ±5%) 


Timing 
Responses 


Symbol 
Parameter 
80C86A·2 
Units 
Test 


Mln 
Max 
Conditions 


TCLAV 
Address 
Valid Delay 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
ns 


TCLAZ 
Address 
Float 
TCLAX 
50 
ns 


Delay 


TLHLL 
ALE Width 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
50 
ns 


TCHLL 
ALE Inactive Delay 
55 
ns 


TLLAX 
Address 
Hold Time 
TCHCL-10 
ns 


to ALE Inactive 


TCLDV 
Data Valid Delay 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
ns 


TWHDX 
Data Hold Time 
TCLCH-30 
ns 


AfterWR 


TCVCTV 
Control Active 
10 
70 
ns 


Delay 1 


TCHCTV 
Control Active 
10 
60 
ns 


Delay 2 


TCVCTX 
Control 
Inactive 
10 
70 
ns 


Delay 


TAZRL 
Address 
Float to 
0 
ns 


READ Active 


TCLRL 
RD Active Delay 
10 
100 
ns 


TCLRH 
RD Inactive 
Delay 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-40 
ns 


Address 
Active 


TCLHAV 
HLDA Valid Delay 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-40 
ns 


TAVAL 
Address 
Valid to 
TCLCH-40 
ns 


ALE Low 


TOLOH 
Output Rise Time 
15 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
15 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 82C84A 
shown 
for reference 
only. See 82C84A 
data sheet 
for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next ClK. 
3. Applies 
only to T2 state. 
(8 ns into T3). 


inteI" 
80C86A 


INPUT / 
OUTPUT 
2.4=>(.5 
1.)<= 


0.45 
------------ 
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A.C. Testing inpu1sare driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 1.5V. 


READ 
CYCLE 


(NOTE 11 


(WII, 1IlTl. YoK! 
DT/R 


inter 


WRITE 
CYCLE 


O<OTE1) 
OEN 


~1Ii~1 


INTA 
CYCLE 
OTIR 


tHOTES l' 
3» 
:Rr~:L~'" 


~Il£HALT- 


liD, WIl, INT" • ~H 
DTIII • INDETERMINATE 


NOTES: 
1. All output 
timing 
measurements 
are made at 1,5V unless 
otherwise 
noted, 


2. RDY is sampled 
near the end of T2. T3. Tw to determine 
if Tw machines 
states 
are to be inserted. 
3. Two 
INTA 
cycles 
run back-to-back. 
The 
80C86A 
local 
ADDR/DATA 
BUS is floating 
during 
both 
INTA 
cycles. 
Control 
signals 
shown 
for second 
INTA cycle. 
4. Signals 
at 82C84A 
are shown 
for reference 
only. 


MAX MODE 
SYSTEM 
(USING 
82C88 
BUS CONTROLLER) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
80C86A·2 
Units 
Test 


Mln 
Max 
ConditIons 


TClCl 
ClK 
Cycle Period 
125 
D.C. 
ns 


TClCH 
ClKlowTime 
68 
ns 


TCHCl 
ClK 
High Time 
'. 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
ns 
From 1.0V to 3.5V 


TCl2Cl1 
ClK 
Fall Time 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
20 
ns 


TClDX 
Data in Hold Time 
10 
ns 


TR1VCl 
ROY Setup Time into 82C84A 
35 
ns 


(Notes 1, 2) 


TClR1X 
ROY Hold Time into 82C84A 
0 
ns 


(Notes 1, 2) 


TRYHCH 
READY Setup Time into 80C86A 
68 
ns 


TCHRYX 
READY Hold Time into 80C86A 
20 
ns 


TRYlCl 
READY Inactive to 
-8 
ns 


ClK 
(Note 4) 


TINVCH 
Setup Time for Recognition 
15 
ns 


(INTR, NMI, TEST) 
(Note 2) 


TGVCH 
RQ/GT 
Setup Time 
15 
ns 


TCHGX 
RQ Hold Time into 80C86A 
30 
ns 


TILIH 
Input Rise Time 
15 
ns 
From 0.8V to 2.0V 
(Except ClK) 
(Note 5) 


TIHll 
Input Fall Time 
15 
ns 
From 2.0V to 0.8V 
(Except ClK) 
(Note 5) 


inter 


Symbol 
Parameter 
80C86A·2 
Units 
Test 


Mln 
Max 
Conditions 


TCLML 
Command 
Active 
5 
35 
ns 


Delay (Note 1) 


TCLMH 
Command 
Inactive 
5 
35 
ns 


Delay (Note 1) 


TRYHSH 
READY Active to 
65 
ns 


Status Passive (Note 3) 


TCHSV 
Status Active Delay 
10 
60 
ns 


TCLSH 
Status Inactive Delay 
10 
70 
ns 
c" 


TCLAV 
Address 
Valid Delay 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
50 
ns 


TSVLH 
Status Valid to ALE High (Note 1) 
20 
ns 


TSVMCH 
Status Valid to 
30 
ns 


MCE High (Note 1) 


TCLLH 
CLK Low to ALE Valid (Note 1) 
20 
ns 


TCLMCH 
CLK Low to MCE High (Note 1) 
25 
ns 


TCHLL 
ALE Inactive 
Delay (Note 1) 
4 
18 
ns 


TCLDV 
Data Valid Delay 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
ns 


TCVNV 
Control Active Delay (Note 1) 
5 
45 
ns 


TCVNX 
Control 
Inactive 
Delay (Note 1) 
10 
45 
ns 


TAZRL 
Address 
Float to Read Active 
0 
ns 


TCLRL 
RD Active Delay 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
80 
ns 


TRHAV 
RD Inactive to 
TCLCL-40 
ns 


Next Address 
Active 


TCHDTL 
Direction 
Control 
50 
ns 


Active Delay (Note 1) 


TCHDTH 
Direction 
Control 
30 
ns 


Inactive 
Delay (Note 1) 


TCLGL 
GT Active Delay 
0 
50 
ns 


TCLGH 
GT Inactive Delay 
0 
50 
ns 


TRLRH 
RDWidth 
2TCLCL-50 
ns 


TOLOH 
Output Rise Time 
15 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
15 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 82C84A 
or 82C88 
shown 
for reference 
only. See 82C84A 
and 82C88 
for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next CLK. 
3. Applies 
only to T3 and wait states. 


4. Applies 
only to T2 state 
(8 ns into T3). 


5. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
80C86A 


INPUT / 
OUTPUT 


2·04~.5 
1.C 


0.• 5 
------------ 


SEE HOTE 51 
ALl 
(UCII 
OUTPUT) 


lID' 
CI2CM INI'In) 


SOFTWARE 
HALT - 
(DEN = VoL;RD,MRDC,IORC,MWTC,AMWC, 


iOWC,AIOWC,INTA, 
= VOH) 
AD, ••AD. 


TClAV 


S2'S"S~ 
./ 


MCEJ 
PDEN 
TClMCH 
DT/R 


, ---- 
,---- 


NOTES: 
1. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. ADY is sampled 
near the end of T2, T3, Tw to determine 
if Tw machines 
states 
are to be inserted. 


3. Cascade 
address 
is valid between 
first and second 
INTA cycle. 


4. Two 
INTA cycles 
run back·to·back. 
The 80C86A 
local ADDA/DATA 
BUS is floating 
during 
both 
INTA cycles. 
Control 
for 
pointer 
address 
is shown 
for second 
INTA cycle. 


5. Signals 
at 82C84A 
or 82C88 
are shown 
for reference 
only. 


6. The issuance 
of the 82C88 
command 
and control 
signals 
(MADC, 
MWTC, 
AMWC, 
IOAC, lOWe, 
AIOWC. 
INTA and DEN) 
lags the active 
high 82C88 
CEN. 


7. Status 
inactive 
in state just prior to T 4. 


CLK~ 
r\ 
NMI} 
dL-'-;;;;:- 


INTR 
SIGNAL 
: 


TEST 


BUS LOCK 
SIGNAL 
TIMING 


(MAXIMUM 
MODE 
ONLY) 


COPROCESSOR 


(SEEHOTE) 


inter 


••• 1 CLK 
CYCLE 


elK'"\. 
rl 


HOLor 


AO,,·AOo• 
A,tl5.-",,,5,. 
------ 
.•.•• 
All, 
IOC•• 


8H~~/iO, 
DT/R. 
WR, 
DEN 


Mnemonic 
and 
Description 
DATA TRANSFER 


MOV ~ Move: 


Register/Memory 
to/from 
Register" 


Immediate to Register/Memory 


Immediate to Register 


Memory to Accumulator 


Accumulator 
to Memory 


Register/Memory 
to Segment Register" 


Segment Register to Register/Memory 


Register/Memory 


Register 


Segment Register 


POP ~ Pop: 


Register/Memory 


Register 


Segment Register 


XCHG = Exchange: 


Register/Memory 
with Register 


Register with Accumulator 


IN ~ Input from: 


Fixed Port 


Variable Port 


OUT = Outputto: 


Fixed Port 


Variable Port 


XLAT = Translate Byte to AL 


LEA ~ Load EA to Register 


LOS = Load Pointer to DS 


LES ~ Load Pointer to ES 


LAHF ~ Load AH with Flags 


SAHF ~ Store AH into Flags 


PUSHF ~ Push Flags 


POPF ~ Pop Flags 


T~~ 


COP"OC~ 


Table 2. Instruction 
Set Summary 
I 
Inatructlon 
Code 


76543210 


,000,Odw 


"000" 
w 


'0" 
wreg 


,0,0000w 


'O'OOO'w 


'000' 
, , 0 


'0001'00 


"""" 
O'O'Oreg 


OOOreg" 
0 


, 000'1' 
, 


0' 
0' 
, reg 


OOOreg" 
, 


'OOOO"w 


'OO'O,eg 


"'00' 
Ow 


"'0" 
Ow 


, l' 
00" 
w 


,1' 
0'" 
w 


"0'0" 
, 


, 0001'0' 


"000'0' 


"000'00 


'001' 
, , , 


'00' 
, , , 0 


'00' 
, , 00 


'00' 
, '0' 


2-55 


mod 
reg 
rim 


mod 0 0 0 rim 


data 


addr·low 


addr·low 


mod 0 reg rim 


mod 0 reg rim 


data 


dataifw 
- 
1 


addr-high 


addr-high 


moores 
rIm 


mod reg rIm 


mod reg rIm 


Table 2. Instruction 
Set Summary (Continued) 


I 
Instruction Code 


ARITHMETIC 


ADD ~ Add: 


Reg.lMemory w~h Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


ADC = Add with Carry: 


Reg.lMemory with Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


INC = Increment: 


Register/Memory 


Register 


AAA = ASCII Adjust for Add 


DAA = Decimal Adjust for Add 


SUB = Subtract: 


Reg.lMemory and Register to E~her 


Immediate from Register/Memory 


Immediate from Accumulator 


SBB = Subtract with Borrow 


Reg.lMemory and Register to E~her 


Immediate from Register/Memory 


Immediate from Accumulator 


DEC ~ Decrement: 


Register/Memory 


Register 


NEG = Change Sign 


CMP ~ Compare: 


Register/Memory and Register 


Immediate with Register/Memory 


Immediate ~h 
Accumulator 


AAS = ASCII Adjust for Subtract 


DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) 


IMUL = Integer Multiply (Signed) 


AAM = ASCII Adjust for Multiply 


DIY = Divide (Unsigned) 


IDlY = Integer Divide (Signed) 


AAD = ASCII Adjust for Divide 


CBW = Convert Byte to Word 


CWO = Convert Word to Double Word 


OOOOOOdw 


100000sw 


0000010w 


mod reg r/m 


mod 0 0 Or/m 


data 


000100dw 


100000sw 


0001010w 


mod reg r/m 


modO 1 Or/m 


data 


1111111w 


01000reg 


00110111 


00100111 


001010dw 


100000sw 


0010110w 


mod reg rIm 


mod 101 rIm 


data 


000110dw 


100000sw 


0001110w 


mod reg r/m 


modO 11 rIm 


data 


01001 
reg 


1111011 
w 


001110dw 


100000sw 


0011110w 


00111111 


00101111 


1111011 
w 


1111011w 


11010100 


1111011 
w 


1111011 
w 


11010101 


10011000 


10011001 


mod reg rIm 


mod 111 rIm 


data 


mod 1 OOr/m 


mod 101 rIm 


mod 11 Or/m 


mod 111 rIm 


data 


dataifw = 1 


data 


dataifw 
= 1 


data 


dataifw 
= 1 


data 


dataifw 
= 1 


data 


data ifw = 1 


inter 


LOGIC 


NOT = Invert 


SHL/SAL = Shift Logical/ Arithmetic Left 


SHR = Shift Logical Right 


SAR ~ Shift Arithmetic Right 


ROL = Rotate Left 


ROR = Rotate Right 


RCL ~ Rotate Through eany Flag Left 


RCR = Rotate Through Carry Right 


Reg.lMemory and Register to Either 


Immediate to RegisterlMemory 


Immediate to Accumulator 


76543210 
76543210 


1111011 
w 
mod010r/m 


110100vw 
mod 1 OOr/m 


110100vw 
mod 1 01 rIm 


110100vw 
mod 111 
rIm 


110100vw 
mod 00 0 rIm 


110100vw 
mod001 
rIm 


110100vw 
modO 1 Or/m 


110100vw 
modO 11 rIm 


001000dw 
mod reg rIm 


1000000w 
mod 1 OOr/m 


0010010w 
data 


1000010w 
mod reg rIm 


1111011 
w 
mod 0 00 rIm 


1010100w 
data 


000010dw 
mod reg rIm 


1000000w 
modOO 1 rIm 


0000110w 
data 


001100dw 
mod reg r/m 


1000000w 
mod 11 Or/m 


0011010w 
data 


1111001 
z 


1010010w 


1010011 
w 


1010111 
w 


1010110w 


1010101 
w 


TEST = And Function to Flaga, No Result: r----------,----------, 
Register/Memory and Register 


Immediate Data and RegisterlMemory 


Immediate Data and Accumulator 


Reg.lMemory and Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


Reg.lMemory and Register to Either 


Immediate to RegisterlMemory 


Immediate to Accumulator 


STRING MANIPULATION 


REP ~ Repeat 


MOVS = Move Byte/Word 


CMPS ~ Compare Byte/Word 


SCAS = Scan BytelWord 


LODS = Load Byte/Wd to AL/ AX 


STOS ~ Stor BytelWd from All A 


CONTROL TRANSFER 


CALL ~ Call: 


Direct Within Segment 


Indirect Within Segment 


Direct Intersegment 


data 


dataifw 
= 1 


data 


dataifw = 1 


11101000 


11111111 


disp-Iow 


mod 0 10 rIm 


sag-low 


modO 11 rIm 


offset-high 


seg-high 


inter 


Direct Within Segment 


Direct Within Segment-Short 


Indirect Within Segment 


Directlntersegment 


RET = Return from CALL: 


Within Segment 


Within Seg. Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ 
= Jump on Equal/Zero 


JL/JNGE = Jump on Less/Not Greater 


or Equal 
JLE/JNG = Jump on Less or Equal/ 
Not Greater 
JB/JNAE 
~ Jump on Below/Not Above 


or Equal 
JBE/JNA = Jump on Below or Equal/ 
Not Above 
JP/JPE ~ Jump on Parity/Parity Even 


JO = Jump on Overflow 


JS ~ Jump on Sign 


JNE/JNZ = Jump on Not Equal/Not Zero 


JNLlJGE = Jump on Not Less/Greater 


or Equal 
JNLE/JG = Jump on Not Less or Equal/ 
Greater 
JNB/JAE 
~ Jump on Not Below/ Above 


or Equal 
JNBE/JA ~ Jump on Not Below or 


Equal/Above 
JNP/JPO ~ Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 


JNS ~ Jump on Not Sign 


LOOP = Loop ex Times 


LooPZlLooPE 
~ Loop While Zero/Equal 


LooPNZlLooPNE 
= Loop While Not 
Zero/Equal 
JCXZ = Jump on ex Zero 


INT = Interrupt 


Type Specified 


Type 3 


INTO ~ Interrupt on Overflow 


IRET = Interrupt Return 


76543210 


11101001 


11101011 


11111111 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


01111110 


01110010 


01110110 


01111010 


01110000 


01111000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 


01110001 


01111001 


11100010 


11100001 


disp-Iow 


disp 


mod 1 OOr/m 


offset-high 


seg-high 
seg-Iow 


mod 1 01 rIm 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 


11001100 


11001110 


11001111 


inter 


Mnemonic 
and 
Description 


PROCESSOR 
CONTROL 


CLC = Clear Carry 


CMC = Complement 
Carry 


STC = Set Cerry 


CLD = Clear Direction 


STD = Set Direction 


CLI = Clear Interrupt 


STI = Set Interrupt 


HLT = Ha" 


WAIT = Waij 


ESC = Escape 
(to External 
Device) 


LOCK 
= Bus Lock Prefix 


76543210 


11111000 


11110101 


11111001 


11111100 


11111101 


11111010 


11111011 


11110100 


10011011 


NOTES: 
AL = S-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 
Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc- 


tion 
if mod = 11 then rim is treated as a REG field 
if mod = 00 then DISP = 0·, disp-Iow and disp-high are 


absent 
if mod = 01 then DISP = disp-Iow sign-extended to 


16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 
if rim = 000 then EA = (BX) + (SI) + DISP 
if rim = 001 then EA = (BX) + (01) + DISP 
if rim = 010 then EA = (BP) + (SI) + DISP 
if rim = 011 then EA = (BP) + (01) + DISP 
if rim = 100 then EA = (SI) + DISP 
if rim = 101 then EA = (01) + DISP 
if rim = 110 then EA = (BP) + DISp· 
if rim = 111 then EA = (BX) + DISP 
DISP follows 2nd byte of instruction (before data if re- 
quired) 
·except if mod = 00 and rim = 110 then EA = disp-high: 
disp-Iow. 
··MOV CS, REG/MEMORY not allowed. 


if s w = 01 then 16 bits of immediate data form the oper- 


and 


if s w = 11 then an immediate data byte is sign extended 


to form the 16-bit operand 


if v = 0 then "count" 
= 1; if v = 1 then "count" in (CL) 
register 
x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT 
OVERRIDE 
PREFIX 
I 
001reg110 
I 


REG is assigned according to the following table: 


16-Blt (w = 1) 
8-Blt (w = 0) 
Segment 


000 
AX 
000 
AL 
00 
E5 


001 
CX 
001 
CL 
01 
C5 


010 
OX 
010 
OL 
10 
55 


011 
BX 
011 
BL 
11 
05 


100 
5P 
100 
AH 


101 
BP 
101 
CH 


110 
51 
110 
OH 


111 
01 
111 
BH 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


inter 
80C86AL 
16-BIT CHMOS MICROPROCESSOR 
• Pln-for-Pin and Functionally 
Compatible 
• Architecture 
Designed for Powerful 
to Industry Standard HMOS 8086 
Assembly Language and Efficient High 


• Fully Static Design with Frequency 
Level Languages 


Range from D.C. to: 
• 24 Operand Addressing 
Modes 
- 
5 MHz for 80C86AL 
• Byte, Word and Block Operations 
- 
8 MHz for 80C86AL-2 


Low Power Operation 
• 8 and 16-Bit Signed and Unsigned 
• 
Arithmetic 
- 
Operating Icc = 10 mA/MHz 
- 
Binary or Decimal 
- 
Standby Iccs = 500 IJ-AMax 
- 
Multiply and Divide 
• Bus-Hold Circuitry 
Eliminates Pull-Up 
• Available in 40-Lead Plastic DIP and 
Resistors 
44-Lead PLCC Packages 
• Direct Addressing 
Capability of 
(See 
Packaging 
Spec., 
Order 
# 231369) 


1 MByte of Memory 


The Intel80C86AL 
is a high performance, 
CHMOS version 
of the industry standard 
HMOS 8086 16-bit CPU. It 


is available 
in 5 and 8 MHz clock 
rates. The 80C86AL 
offers 
two modes 
of operation: 
MINimum 
for small 


systems 
and MAXimum 
for larger applications 
such as multiprocessing. 
It is available 
in 40-pin DIP and 44-pin 


plastic 
leaded 
chip carrier 
(PLCC) package. 


240074-1 


Figure 
1. 80C86AL 
CPU Block 
Diagram 
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Figure 
2a. 80C86AL 
40-Lead 
P-DIP Configuration 
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Figure 
2b. 80C86AL 
44·Lead 
PLCC Configuration 


inter 


Table 
1. Pin Description 


The following 
pin function 
descriptions 
are for BOCB6AL systems 
in either minimum 
or maximum 
mode. 
The 


"Local 
Bus" 
in these descriptions 
is the direct multiplexed 
bus interface 
connection 
to the B0C86AL 
(without 
regard 
to additional 
bus buffers). 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


AD15-ADo 
2-16.39 
I/O 
ADDRESS 
DATA BUS: These lines constitute 
the time 


multiplexed 
memory/IO 
address (T 1) and data (T2. T3. Tw. T4) 


bus. Ao is analogous 
to SHE for the lower byte of the data bus, 


pins 07-00. 
It is lOW 
during T1 when a byte is to be transferred 


on the lower portion of the bus in memory or I/O operations. 
Eight- 


bit oriented 
devices tied to the lower half would normally 
use Ao to 


condition 
chip select functions. 
(See SHE.) These lines are active 


HIGH and float to 3-state OFF(1) during interrupt 
acknowledge 
and 


local bus "hold acknowledge." 


A19/S6, 
35-38 
0 
ADDRESS/STATUS: 
During T1 these are the four most significant 


A18/S5. 
address lines for memory operations. 
During I/O operations 


A17/S4. 
these lines are lOW. 
During memory and I/O operations. 


A16/S3 
status information 
is available 
on these lines during T2, T3. Tw. 


and T4. The status of the interrupt enable 
FLAG bit (S5) is updated 


at the beginning 
of each ClK 
cycle. A17/S4 and A16/S3 are 


encoded 
as shown. 


This information 
indicates 
which relocation 
register is presently 


being used for data accessing. 


These lines float to 3-state OFF(1) during local bus "hold 
acknowledge 
.•• 


A17/S4 
A16/S3 
Characteristics 


o (lOW) 
0 
Alternate 
Data 


0 
1 
Stack 


1 (HIGH) 
0 
Code or None 


1 
1 
Data 


S6 isO 
(LOW) 


SHE/S7 
34 
0 
BUS HIGH ENABLE/STATUS: 
During T1the bus high enable signal 


(SHE) should be used to enable data onto the most significant 
half 


of the data bus, pins 015-08. 
Eight-bit oriented 
devices tied to the 


upper half of the bus would normally 
use SHE to condition 
chip 


select functions. 
SHE is lOW 
during T1,for read, write, and 


interrupt 
acknowledge 
cycles when a byte is to be transferred 
on 


the high portion of the bus. The S7 status information 
is available 


during T2. T3, and T4. The signal is active lOW. 
and floats to 


3-state OFF(1) in "hold." 
It is lOW 
during T1 for the first interrupt 


acknowledge 
cycle. 


BHE 
Ao 
Characteristics 


0 
0 
Whole word 


0 
1 
Upper byte from/ 
to odd address 


1 
0 
lower 
byte from/ 


to even address 


1 
1 
None 


Symbol 
P-DIP Config. 
Type 
Name and Function 
Pin No. 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performing 
a 


memory of I/O read cycle, depending 
on the state of the S2 pin. 


This signal is used to read devices which reside on the 80C86AL 
local bus. RD is active LOW during T2, T3 and Tw of any read 
cycle, and is guaranteed 
to remain HIGH in T2 until the 80C86AL 


local bus has floated. 


This floats to 3-state OFF in "hold 
acknowledge." 


READY 
22 
I 
READY: is the acknowledgement 
from the addressed 
memory or 


I/O device that it will complete 
the data transfer. 
The READY 


signal from memory/IO 
is synchronized 
by the 82C84A 
Clock 


Generator 
to form READY. This signal is active HIGH. The 


80C86AL 
READY input is not synchronized. 
Correct 
operation 
is 


not guaranteed 
if the setup and hold times are not met. 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is 


sampled 
during the last clock cycle of each instruction 
to 


determine 
if the processor 
should enter into an interrupt 


acknowledge 
operation. 
A subroutine 
is vectored 
to via an 


interrupt vector lookup table located 
in system memory. 
It can be 


internally 
masked by software 
resetting 
the interrupt 
enable bit. 


INTR is internally 
synchronized. 
This signal is active HIGH. 


TEST 
23 
I 
TEST: input is examined 
by the "Wait" 
instruction. 
If the TEST 


input is LOW execution 
continues, 
otherwise 
the processor 
waits 


in an "Idle" 
state. This input is synchronized 
internally 
during each 


clock cycle on the leading edge of CLK. 


NMI 
17 
I 
NON-MASKABLE 
INTERRUPT: 
an edge triggered 
input which 


causes a type 2 interrupt. 
A subroutine 
is vectored 
to via an 


interrupt vector 
lookup table located in system memory. 
NMI is not 


maskable 
internally 
by software. 
A transition 
from a LOW to HIGH 


initiates the interrupt 
at the end of the current instruction. 
This 


input is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present 


activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, 
as described 
in the Instruction 
Set 


description, 
when RESET returns LOW. RESET is internally 


synchronized. 


CLK 
19 
I 
CLOCK: provides the basic timing for the processor 
and bus 


controller. 
It is asymmetric 
with a 33 % duty cycle to provide 


optimized 
internal timing. 


Vcc 
40 
Vcc: + 5V power supply pin. 


GND 
1,20 
GROUND: 
Both must be connected. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to 


operate 
in. The two modes are discussed 
in the following 
sections. 


intJ 


Table 1. Pin Description 
(Continued) 


The 
following 
pin 
function 
descriptions 
are 
for 
the 
80C86ALl82C88 
system 
in 
maximum 
mode 
(i.e., 
MNIMX= 
VssJ. Only the pin functions 
which are unique 
to maximum 
mode are described; 
all other pin func- 
tions are as described 
above. 


Symbol 


52, 51, 50 


P-DIP Conflg. 
Type 


Pin No. 


26-28 
0 
STATUS: 
active during T4, T1, and T2 and is returned 
to the passive 


state (1,1,1) during T3 or during Tw when READY is HIGH. This 
status is used by the 82C88 Bus Controller 
to generate 
all memory 


and 1/0 access control 
signals. Any change 
by 52, 51, 50 during T4 


is used to indicate 
the beginning 
of a bus cycle, and the return to 


the passive state in T3 or Tw is used to indicate the end of a bus 
cycle. 


These signals float to 3-state OFF(1) in "hold acknowledge." 
These 


status lines are encoded 
as shown. 


S2 
S1 
So 
Characteristics 


o (lOW) 
0 
0 
Interrupt 
Acknowledge 


0 
0 
1 
Read 1/0 Port 


0 
1 
0 
Write I/O Port 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Code Access 


1 
0 
1 
Read Memory 


1 
1 
0 
Write Memory 


1 
1 
1 
Passive 


REQUEST/GRANT: 
pins are used by other local bus masters to 


force the processor 
to release the local bus at the end of the 


processor's 
current bus cycle. Each pin is bidirectional 
with 


RQ/GTo 
having higher priority than RQ/GT1. 
RQ/GT 
has an 
internal pull-up resistor so may be left unconnected. 
The 


request/grant 
sequence 
is as follows 
(see timing diagram): 


1. A pulse of 1 ClK 
wide from another 
local bus master indicates 
a 


local bus request 
("hold") 
to the 80C86Al 
(pulse 1). 


2. During a T4 or T 1 clock cycle, a pulse 1 ClK 
wide from the 


80C86Al 
to the requesting 
master (pulse 2), indicates 
that the 


80C86Al 
has allowed the local bus to float and that it will enter the 


"hold 
acknowledge" 
state at the next ClK. 
The CPU's bus interface 


unit is disconnected 
logically from the local bus during "hold 


acknowledge. 
" 


3. A pulse 1 ClK 
wide from the requesting 
master indicates 
to the 


80C86Al 
(pulse 3) that the "hold" 
request is about to end and that 


80C86Al 
can reclaim the local bus at the next ClK. 


Each master-master 
exchange 
of the local bus is a sequence 
of 3 


pulses. There must be one dead ClK 
cycle after each bus 


exchange. 
Pulses are active lOW. 


If the request is made while the CPU is performing 
a memory cycle, 


it will release the local bus during T4 of the cycle when all the 
following 
conditions 
are met: 


1. Request 
occurs on or before T2. 


2. Current cycle is not the low by1e of a word (on an odd address). 
3. Current cycle is not the first acknowledge 
of an interrupt 


acknowledge 
sequence. 
4. A locked instruction 
is not currently 
executing. 
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inter 


P-DIP Conflg. 
" 


Symbol 
Pin No. 
Type 
Name and Function 


If the local bus is idle when the request is made the two possible 
events will follow: 


1. Local bus will be released 
during the next clock. 


2. A memory cycle will start within 3 clocks. 
Now the four rules for a 


currently 
active memory cycle apply with condition 
number 
1 already 


satisfied. 


LOCK 
29 
0 
LOCK: output indicates 
that other system bus masters are not to 


gain control 
of the system bus while LOCK is active LOW. The 


LOCK signal is activated 
by the "LOCK" 
prefix instruction 
and 


remains active until the completion 
of the next instruction. 
This 


signal is active LOW, and floats to 3-state OFF(l) 
in "hold 


acknowledge. 
" 


QS1,QSO 
24,25 
0 
QUEUE STATUS: 
The queue status is valid during the CLK cycle 


after which the queue operation 
is performed. 


QSl and QSo provide status to allow external 
tracking 
of the internal 


80C86AL 
instruction 
queue. 


QSl 
QSo 
Characteristics 


o (LOW) 
0 
No Operation 


0 
1 
First Byte of Op Code from Queue 


1 (HIGH) 
0 
Empty the Queue 
. 
1 
1 
Subsequent 
Byte from Queue 


The fol/owing 
pin function 
descriptions 
are for the B0C86AL in minimiJm mode (i.e., MN/MX= Vcc). 
Only the 
pin functions 
which are unique to minimum 
mode are described; 
aI/ other pin functions 
are described 
above. 


MilO 
28 
0 
STATUS 
LINE: logically equivalent 
to S2 in the maximum 
mode. It 


is used to distinguish 
a memory access from an I/O access. 
MilO 


becomes 
valid in the T4 preceding 
a bus cycle and remains valid 


until the final T4 of the cycle (M = HIGH, /0= LOW). MilO 
floats to 


3-state OFF(l) 
in local bus "hold acknowledge." 


WR 
29 
0 
WRITE: indicates 
that the processor 
is performing 
a write memory 


or write 1/0 cycle, depending 
on the state of the MilO 
signal. WR is 


active for T2, T3 and Tw of any write cycle. It is active LOW, and 
floats to 3-state OFF(l) 
in local bus "hold acknowledge." 


INTA 
24 
0 
INT A is used as a read strobe for interrupt 
acknowledge 
cycles. 
It is 


.active LOW during T2, T3 and Tw of each interrupt 
acknowledge 


cycle. 


ALE 
25 
0 
ADDRESS 
LATCH ENABLE: provided 
by the processor 
to latch 


the address into an address latch. It is a HIGH pulse active during 
T 1 of any bus cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
needed in minimum 
system that 


desires to use a data bus transceiver. 
It is used to control 
the 


direction 
of data flow through the transceiver. 
Logically 
DTIR is 


equivalent 
to Sl in the maximum 
mode, and its timing is the same 


as for MilO. 
(T = HIGH, A = LOW.) This signal floats to 3-state 


OFF(l) 
in local bus "hold acknowledge." 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


DEN 
26 
0 
OAT A ENABLE: 
provided 
as an output enable for the transceiver 


in a minimum system which uses the transceiver. 
DEN is active 


LOW during each memory and I/O access and for INTA cycles. 
For a read or INTA cycle it is active from the middle of T2 until the 
middle of T4, while for a write cycle it is active from the beginning 
of T2 until the middle of T4. DEN floats to 3-state OFF(l) 
in local 


bus "hold acknowledge." 


HOLD, 
31,30 
I/O 
HOLD: indicates 
that another 
master is requesting 
a local bus 
HLDA 
"hold." 
To be acknowledged, 
HOLD must be active HIGH. The 


processor 
receiving 
the "hold" 
request will issue HLDA (HIGH) as 


an acknowledgement 
in the middle of a T 1 clock cycle. 


Simultaneous 
with the issuance 
of HLDA the processor 
will float 


the local bus and control 
lines. After HOLD is detected 
as being 


LOW, the processor 
will LOWer the HLDA, and when the 


processor 
needs to run another cycle, it will again drive the local 


bus and control 
lines. 


The same rules as for RO/GT apply regarding 
when the local bus 


will be released. 
HOLD is not an asynchronous 
input. External synchronization 


should be provided 
if the system cannot otherwise 
guarantee 
the 


setup time. 


NOTE: 
1. See the section 
on Bus Hold Circuitry. 


STATIC 
OPERATION 


~II 80C86AL 
circuitry 
is of static design. Internal 
reg- 


Isters, counters 
and latches 
are static and require no 


refresh 
as with 
dynamic 
circuit 
design. 
This 
elimi- 


nates 
the 
minimum 
operating 
frequency 
restriction 


placed 
on 
other 
microprocessors. 
The 
CMOS 


80C86AL 
can operate 
from 
DC to the appropriate 


upper frequency 
limit. The processor 
clock 
may be 


stopped 
in either state (high/low) 
and held there in- 


definitely. 
This type of operation 
is especially 
useful 


for system 
debug or power 
critical 
applications. 


The 80C86AL 
can be single stepped 
using only the 


CPU clock. 
This state can be maintained 
as long as 


is necessary. 
Single step clock operation 
allows sim- 


ple interface 
circuitry 
to provide 
critical 
information 


for bringing 
up your system. 


~tatic 
design 
also allows 
very low frequency 
opera- 


tion. 
In a power 
critical 
situation, 
this 
can 
provide 


extremely 
low power operation 
since 80C86AL 
pow- 


er dissipation 
is directly 
related to operating 
frequen- 


cy. As the system 
frequency 
is reduced, 
so is the 


operating 
power 
until, ultimately, 
at a DC input fre- 


quency, 
the 
80C86AL 
power 
requirement 
is 
the 


standby 
current. 


INTERNAL 
ARCHITECTURE 


The internal functions 
of the 80C86AL 
processor 
are 


partitioned 
logically 
into two 
processing 
units. 
The 


first is the Bus Interface 
Unit (BIU) and the second 
is 


the Execution 
Unit (EU) as shown 
in the block 
dia- 


gram of Figure 1. 


These 
units 
can 
interact 
directly 
but for the 
most 


part perform 
as separate 
asynchronous 
operational 


processors. 
The bus interface 
unit provides 
the func- 


tions related to instruction 
fetching 
and queuing, 
op- 


erand fetch and store, and address 
relocation. 
This 


unit also provides 
the basic bus control. 
The overlap 


of 
instruction 
pre-fetching 
provided 
by 
this 
unit 


~erves to increase 
processor 
performance 
through 


Improved 
bus bandwidth 
utilization. 
Up to 6 bytes of 


the instruction 
stream 
can be queued 
while waiting 


for decoding 
and execution. 


The 
instruction 
stream 
queuing 
mechanism 
allows 


the BIU to keep the memory 
utilized very efficiently. 


Whenever 
there 
is space for at least 2 bytes in the 


queue, 
the 
BIU will attempt 
a word 
fetch 
memory 


cycle. 
This 
greatly 
reduces 
"dead 
time" 
on 
the 


memory 
bus. The queue acts as a First-In-First 
Out 


(FIFO) buffer, from which the EU extracts 
instruction 


bytes a~ requir~d. 
If the queue is empty 
(following 
a 


branch 
Instruction, 
for example), 
the first 
byte 
into 


the queue immediately 
becomes 
available 
to the EU. 
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Memory 
Segment 
Register 
Segment 


Reference 
Need 
Used 
Selection 
Rule 


Instructions 
CODE (CS) 
Automatic with all instruction prefetch. 


Stack 
STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 
DATA (DS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 
EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 


The execution units receives pre-fetched instruc- 
tions from the BIU queue and provides un-relocated 
operand addresses to the BIU. Memory operands 
are passed through the BIU for processing by the 
EU, which passes results to the BIU for storage. See 
the Instruction Set description for further register set 
and architectural descriptions. 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H)to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64k bytes each, 
with each segment falling on 16-byte boundaries. 
(See Figure 3a.) 


r---"1Ff'FFf'H 
I 
} 
CODE 
SEGMEHT 


XXXXOH 


} 
STACK 
SEGMENT 


} 
DATA 
SEGMENT 


} 
EXTRA 
DATA 
SEGMENT 


All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries and are thus not con- 
strained to even boundaries as is the case in many 
16-bit computers. For address and data operands, 
the least significant byte of the word is stored in the 
lower valued address location and the most signifi- 
cant byte in the next higher address location. The 
BIU automatically performs the proper number of 
memory accesses, one if the word operand is on an 
even byte boundary and two if it is on an odd byte 
boundary. Except for the performance penalty, this 
double access is transparent to the software. This 
performance penalty does not occur for instruction 
fetches, only word operands. 


Physically, the memory is organized as a high bank 
(D15-D8) and a low bank (D7-DO) of 512k a-bit 
bytes addressed in parallel by the processor's ad- 
dress lines. 


A19-Al. 
Byte data with even addresses is trans- 


ferred on the DrDo bus lines while odd addressed 
byte data (Ao HIGH) is transferred on the D15-D8 
bus lines. The processor provides two enable sig- 
nals, BHE and Ao, to selectively allow reading from 
or writing into either an odd byte location, even byte 
location, or both. The instruction stream is fetched 
from memory as words and is addressed internally 
by the processor to the byte level as necessary. 


In referencing word data the BIU requires one or two 
memory cycles depending on whether or not the 
starting byte of the word is on an even or odd ad- 
dress, respectively. Consequently, in referencing 


word operands performance can be optimized by lo- 
cating data on even address boundaries. This is an 
especially useful technique for using the stack, since 
odd address references to the stack may adversely 
affect the context switching time for interrupt pro- 
cessing or task multiplexing. 


Certain locations in memory are reserved for specific 
CPU operations (see Figure 3b.) locations from ad- 
dress FFFFOHthrough FFFFFH are reserved for op- 
erations including a jump to the initial program load- 
ing routine. Following RESET, the CPU will always 
begin execution at location FFFFOHwhere the jump 
must be. locations OOOOOH 
through 003FFH are re- 


served for interrupt operations. Each of the 256 pos- 
sible interrupt types has its service routine pointed to 
by a 4-byte pointer element consisting of a 16-bit 
segment address and a 16-bit offset address. The 
pointer elements are assumed to have been stored 
at the respective places in reserved memory prior to 
occurrence of interrupts. 


RESET BOOTSTRAP 


PROGRAM JUMP 
t---------t 
FFFFOH 


INTERRUPT POINTER 


FOR TYPE 255 
1- 
--!3FCH 


INTERRUPT POINTER 


FOR TYPE 1 


I--I-N-TE-R-R-U-PT-P-O-IN-T-E-R--l~~ 


FOR TYPE 0 


The requirements for supporting minimum and maxi- 
mum 80C86Al systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Consequer:!!!l, the 80C86Al is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes dependent on the condition of the 
strap pin. When MN/MX pin is strapped to GND, the 
80C86Al 
treats pins 24 through 31 in maximum 


mode. An 82C88 bus controller interprets status in- 
formation coded into So, S1, S2 to generate bus tim- 
ing and control signals compatible with the MUl TI- 
BUS<IParchitecture. 
When 
the 
MN/MX 
pin 
is 


strapped to Vcc, the 80C86Al generates bus con- 
trol signals itself on pins 24 through 31, as shown in 
parentheses in Figure 2. Examples of minimum 
mode and maximum mode systems are shown in 
Figure 4. 


The 80C86Al has a combined address and data bus 
commonly referred to as a time multiplexed bus. 
This technique provides the most efficient use of 
pins on the processor. This "local bus" can be buff- 
ered directly and used throughout the system with 
address latching provided on memory and I/O mod- 
ules. In addition, the bus can also be demultiplexed 
at the processor with a single set of address latches 
if a standard non-multiplexed bus is desired for the 
system. 


Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1, T2, T3 and 
T4 (see Figure 5). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "Wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "Wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C86Al bus cycles. These are 
referred to as "Idle" states (T1) or inactive ClK cy- 
cles. The processor uses these cycles for internal 
housekeeping. 


During T1 of any bus cycle the ALE (Address latch 
Enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 
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Status bits So. S1. and S2 are used, in maximum 
mode, by the bus controller to identify the type of 
bus transaction according to the following table: 


82 
81 
80 
Characteristics 


a (lOW) 
a 
a 
Interrupt Acknowledge 


a 
a 
1 
Read I/O 


a 
1 
a 
Write I/O 


a 
1 
1 
Halt 
1 (HIGH) 
a 
a 
Instruction Fetch 


1 
a 
1 
Read Data from Memory 


1 
1 
a 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


Status bits S3 through S7 are multiplexed with high- 
order address bits and the SHE signal, and are 


therefore valid during T2 through T4. S3 and S4 indi- 
cate which segment register (see Instruction Set de- 
scription) was used for this bus cycle in forming the 
address, according to the following table: 


84 
83 
Characteristics 


a (lOW) 
a 
Alterna.teData (extra segment) 


a 
1 
Stack 
1 (HIGH) 
a 
Code or None 
1 
1 
Data 


S5 is a reflection of the PSW interrupt enable bit. 
Se=a and S7 is a spare status pin. 


inter 


In the 80C86Al, I/O operations can address up to a 
maximum of 64k I/O byte registers or 32k I/O word 
registers. The I/O address appears in the same for- 
mat as the memory address on bus lines A15-AO' 
The address lines A19-A16 are zero in I/O opera- 
tions. The variable I/O instructions which use regis- 
ter OXas a pointer have full address capability while 
the direct I/O instructions directly address one or 
two of the 256 I/O byte locations in page 0 of the 
I/O address space. 


I/O ports are addressed in the same manner as 
memory locations. Even addressed bytes are trans- 
ferred on the 07-00 
bus lines and odd addressed 


bytes on 015-08. Care must be taken to assure that 
each register within an 8-bit peripheral located on 
the lower portion of the bus be addressed as even. 


Processor initialization or start up is accomplished 
with activation 
(HIGH) of the 
RESET pin. The 


80C86Al RESET is required to be HIGH for four or 
more ClK cycles. The 80C86Al will terminate oper- 
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 ClK cycles. Af- 
ter this interval the 80C86Al operates normally be- 
ginning with the instruction in absolute location 
FFFFOH (see Figure 3b). The details of this opera- 
tion are specified in the Instruction Set description of 
the MCS@-86Family User's Manual. The RESET in- 
put is internally synchronized to 
the processor 


Figure 6a. Bus hold circuitry pin 2-16, 


34·39 for P-DIP package. 


clock. At initialization the HIGH-to-lOW transition of 
RESET must occur no sooner than 50 1J.safter pow- 
er-up, 
to 
allow 
complete 
initialization 
of 
the 


80C86AL. 


NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 


All 3-state outputs float to 3-state OFF(1)during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(1).ALE and HlOA are driven low. 


NOTE: 


1. See the section on Bus Hold Circuitry. 


To avoid high current conditions caused by floating 
inputs to CMOS devices and eliminate the need for 
pull-up/down 
resistors, 
"bus-hold" 
circuitry 
has 


been used on the 80C86Al pins 2-16,26-32, 
and 


34-39 (Figures 6a, 6b). These circuits will maintain 
the last valid logic state if no driving source is pres- 
ent (I.e. an unconnected pin or a driving source 
which goes to a high impedance state). To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 1J.Aminimum sink or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply cur- 
rent is negligible and power dissipation is significant- 
ly reduced when compared to the use of passive 
pull-up resistors. 


Figure 6b. Bus hold cIrcuitry 
pin 26-32 for P·DIP package. 
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Interrupt operations fall into two classes; software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the Instruction Set description. Hard- 
ware interrupts can be classified as non-maskable or 
maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256-element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(see Figure 3b), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type". An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to "vec- 
tor" through the appropriate element to the new in- 
terrupt service program location. 


The processor provides a single non-maskable inter- 
rupt pin (NMI) which has higher priority than the 
maskable interrupt request pin (INTR). A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a lOW-to-HIGH transition. 
The activation of this pin causes a type 2 interrupt. 
(See Instruction Set description.) NMI is required to 
have a duration in the HIGH state of greater than 
two ClK cycles, but is not required to be synchroniz- 
ed to the clock. Any high-going transition of NMI is 
latched on-chip and will be serviced at the end of the 
current instruction or between whole moves of a 
block-type instruction. Worst case response to NMI 
would be for multiply, divide and variable shift in- 
structions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 


ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


The 80C86Al provides a single interrupt request in- 
put (INTR) which can be masked internally by soft- 
ware with the resetting of the interrupt enable FLAG 
status bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of ClK. 
To be re- 


sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block- 
type instruction. During the interrupt response se- 
quence further interrupts are disabled. The enable 
bit,is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt or single-step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (Figure 7) the proc- 
essor executes two successive (back-to-back) inter- 
rupt acknowledge cycles. The 80C86Al 
emits the 


lOCK signal from T2 of the first bus cycle until T2 of 
the second. A local bus "hold" request will not be 
honored until the end of the second bus cycle. In the 
second bus cycle a byte is fetched from the external 
interrupt system (e.g., 82C59 PIC) which identifies 
the source (type) of the interrupt. This byte is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table. An INTR signal left HIGH will be 
continually responded to within the limitations of the 
enable bit and sample period. The INTERRUPT RE- 
TURN instruction includes a FLAGS pop which re- 
turns the status of the original interrupt enable bit 
when it restores the FLAGS. 
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When a software 
"HALT" 
instruction 
is executed 
the 


processor 
indicates 
that 
it is entering 
the 
"HALT" 
state 
in one 
of two 
ways 
depending 
upon 
which 


mode is strapped. 
In minimum 
mode, the processor 


issues 
one ALE with no qualifying 
bus control 
sig- 
nals. 
In Maximum 
Mode, 
the 
processor 
issues 
ap- 


propriate 
HALT 
status 
on 82, 81 and 80 and 
the 


82C88 bus controller 
issues one ALE. The 80C86AL 


will not leave 
the 
"HALT" 
state 
when 
a local 
bus 


"hold" 
is entered 
while in "HALT". 
In this case, the 


processor 
reissues 
the HALT indicator. 
An interrupt 


request 
or RESET will force the 80C86AL 
out of the 


"HALT" 
state. 


READ/MODIFY/WRITE 
(SEMAPHORE) 


OPERATIONS 
VIA LOCK 


The 
LOCK 
status 
information 
is provided 
by the 


processor 
when directly 
consecutive 
bus cycles 
are 


required 
during the execution 
of an instruction. 
This 


provides 
the 
processor 
with 
the 
capability 
of per- 
forming 
read/modify/write 
operations 
on 
memory 


(via the Exchange 
Register 
With Memory instruction, 
for example) 
without 
the possibility 
of another 
sys- 
tem 
bus 
master 
receiving 
intervening 
memory 
cy- 
cles. This is useful in mutliprocessor 
system configu- 


rations to accomplish 
"test and set lock" operations. 
The 
LOCK 
signal 
is activated 
(forced 
LOW) in the 


clock 
cycle following 
the one in which 
the software 


"LOCK" 
prefix instruction 
is decoded 
by the EU. It is 


deactivated 
at the end of the last bus cycle 
of the 


instruction 
following 
the 
"LOCK" 
prefix 
instruction. 
While LOCK is active a request 
on a RQ/GT 
pin will 


be recorded 
and 
then 
honored 
at the 
end 
of the 


LOCK. 


As an alternative 
to the interrupts 
and general 
I/O 


capabilities, 
the 
80C86AL 
provides 
a single 
soft- 


ware-testable 
input 
known 
as the TEST 
signal. 
At 


any time the program 
may execute 
a WAIT 
instruc- 


tion. 
If at 
that 
time 
the 
TEST 
signal 
is 
inactive 


(HIGH), 
program 
execution 
becomes 
suspended 


while the processor 
waits 
for TEST 
to become 
ac- 


tive. It must remain active for at least 5 eLK 
cycles. 


The WAIT instruction 
is re-executed 
repeatedly 
until 


that time. This activity does not consume 
bus cycles. 


The processor 
remains in an idle state while waiting. 


All 80C86AL 
drivers go to 3-state 
OFF if bus "Hold" 
is entered. 
If interrupts 
are enabled, 
they may occur 


while the processor 
is waiting. When this occurs 
the 


processor 
fetches 
the 
WAIT 
instruction 
one 
extra 


time, 
processes 
the 
interrupt, 
and then 
re-fetches 


and re-executes 
the WAIT instruction 
upon returning 


from the interrupt. 


Typical 
system 
configurations 
for the processor 
op- 


erating in minimum 
mode and in maximum 
mode are 


shown 
in Figures 
4a and 4b, respectively. 
In mini- 


mum mode, the MN/MX 
pin is strapped 
to Vcc 
and 


the processor 
emits bus control 
signals 
in a manner 


similar to the 8085. In maximum 
mode, the MN/MX 


pin is strapped 
to Vss and the processor 
emits cod- 


ed status 
information 
which 
the 82C88 
bus control- 


ler 
uses 
to 
generate 
MUL TIBUS 
compatible 
bus 


control 
signals. 
Figure 5 illustrates 
the signal timing 


relationships. 


inter 


AH 
AL 


BH 
BL 


CH 
CL 


oH 
oL 


ACCUMULATOR 


BASE 


COUNT 


DATA 
m· 
B' 


51 


01 


STACK 
POINTER 


BASE POINTER 


SOURCE 
INDEX 


DESTINATION 
INDEX 
m 


05 
55 


E5 


CODE SEGMENT 


DATA SEGMENT 


STACK SEGMENT 


EXTRA 
SEGMENT 


SYSTEM TIMING-MINIMUM 
SYSTEM 


The read cycle begins in T1 with the as~ertion of the 
Address Latch Enable (ALE) signal. The trailing (Iow- 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the local bus at 
this time, into a latch. The BHE and ~ 
signals ad- 


dress t~e lo~, ~igh, or both bytes. From T1 to T4 the 
MilO signal Indicates a memory or liD operation. At 
T2 the address is removed from the local bus and 
the bus goes to a high impedance state. The read 
c?ntrol signal is also asserted at T2. The read (RD) 
signal causes the addressed device to enable its 
data bus drivers to the local bus. Some time later 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is re9..uiredto buffer 
the 80C86AL local bus, signals DTIR and DEN are 
provided by the 80C86AL. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The MilO signal is 
again asserted to indicate a memory or liD write 
operation. In the T2 immediately following the ad- 
dress emission the processor emits the data to be 
written into the addressed location. This data re- 
mains valid until the middle of T4. During T2, T3, and 
Tw th~ process~r asserts the write control signal. 
T.hewrite (WR) signal becomes active at the begin- 
ning of T2 as opposed to the read which is delayed 
somewhat into T2 to provide time for the bus to float. 


The BHE and Ao signals are used to select the prop- 
er byte(s) of the memoryllO 
word to be read or writ- 


ten according to the following table: 


BHE 
AD 
Characteristics 
. 


0 
0 
Whole word 


0 
1 
Upper byte froml 
to odd address 


1 
0 
Lower byte froml 
to even address 


1 
1 
None 


liD 
ports are addressed in the same manner as 


memory location. Even addressed bytes are trans- 
ferred on the DrDo 
bus lines and odd addressed 


bytes on D15-D8. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowl~e 
signal (INTA) is asserted in place of the 


read (RD) signal and the address bus is floated. 
(See Figure 7.) In the second of two successive 
INTA cycles, a byte of information is read from bus 
!ines DrDo 
as supplied by the interrupt system log- 


IC (i.e., 82C59A Priority Interrupt Controller). This 
byte identifies the source (type) of the interrupt. It is 
multiplied by four and used as a pointer into an inter- 
rupt vector lookup table, as described earlier. 


BUS TIMING-MEDIUM 
SIZE SYSTEMS 


For medium size systems the MN/MX pin is con- 
nected to Vss and the 82C88 Bus Controller is add- 
ed to the system as well as a latch for latching the 
system address, and a transceiver to allow for bus 
loading greater than the 80C86AL is capable of han- 
dling. Signals ALE, DEN, and DTIA are generated 
by t~e 82C88 instead of the processor in this config- 
uration although their timing remains relatively the 
sam? The 80C86AL status outputs (S2' S1' and So) 
prOVide type-of-cycle 
information 
and 
become 


82C88 inputs. This bus cycle information specifies 
read (code, data, or liD), write (data or liD), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
is~ues control signals specifying memory read or 
write, liD read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor· 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence data isn't 
valid at the leading edge of write. The transceiver 
rece~es the usual T and DE inputs from the 82C88 
DTIR and DEN. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A Priority Inter- 
rupt Controller is positioned on the local bus, a TIL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknowledge sequence and software "poll". 


Supply Voltage 


(With respect 
to ground) 
- 0.5 to 8.0V 


Input Voltage 
Applied 
(w.r.t. ground) 
-2.0 
to VCC + 0.5V 


Output 
Voltage 
Applied 
(w.r.t. ground) 
-0.5 
to VCC + 0.5V 


Power Dissipation 
1.0W 


Storage Temperature 
-65·C 
to 150·C 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Case Temperature 
(PDIP) 
O·C to 80·C 


Case Temperature 
(PLCC) 
O·C to 85·C 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
(TA = O·C to 70·C, TCASE (Plastic) = O·C to 80·C, TCASE (PLCC) = O·C to 85·C) 
(VCC = 5V ± 10% for 80C86AL, 
VCC = 5V ± 5% for 80C86AL-2) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
+O.B 
V 
(Note 4) 


VIH 
Input High Voltage 
2.0 
V 
(Note 5) 
(All inputs exce~ 
clock and MN/M 
. 


VeH 
Clock and MN/MX 
Vee-O.B 
V 


Input High Voltage 


VOL 
Output 
Low Voltage 
0.4 
V 
IOL = 2.5mA 


VOH 
Output 
High Voltage 
3.0 
V 
IOH = -2.5mA 


Vee-O.4 
IOH = -100 
",A 


Ice 
Power Supply Current 
10 mAIM Hz 
VIL = GND. VIH = Vee 


Ices 
Standby 
Supply Current 
500 
",A 
VIN = Vee or GND 
Outputs 
Unloaded 
CLK = GNDorVcc 


III 
Input Leakage 
Current 
±1.0 
",A 
OV,,;; VIN";; 
Vcc 


ISHL 
Input Leakage 
Current 
50 
300 
",A 
VIN = O.BV 
(Bus Hold Low) 


ISHH 
Input Leakage 
Current 
-50 
-300 
",A 
VIN = 3.0V 
(Bus Hold High) 


ISHLO 
Bus Hold Low Overdrive 
400 
",A 
(Note 2) 


ISHHO 
Bus Hold High Overdrive 
-400 
",A 
(Note 3) 


ILO 
Output 
Leakage 
Current 
±10 
",A 
Your = GNDorVee 


CIN 
Capacitance 
of Input Buffer 
5 
pF 
(Note 1) 
(All inputs except 
ADo-AD1S, 
RQ/GT) 


CIO 
Capacitance 
of 1/0 Buffer 
20 
pF 
(Note 1) 
(ADo-AD1S. 
RQ/GT) 


COUT 
Output Capacitance 
15 
pF 
(Note 1) 


NOTES: 
1. Characterization 
conditions 
are a) Frequency 
= 1 MHz; b) Unmeasured 
pins at GND; c) VIN at +5.0V 
or GND. 


2. An external 
driver 
must source 
at least ISHLO to switch 
this node from 
LOW to HIGH. 


3. An external 
driver 
must sink at least 
ISHHO to switch 
this node from 
HIGH to LOW. 
4. VIL for all input pins (except 
MN/MX 
pin) tested 
with MN/MX 
pin = GND. 
5. VIH tested 
with MN/MX 
pin = Vcc. 


inter 


A.C. CHARACTERISTICS 
(TA = O'C to 70'C, TCASE (Plastic) = O'C to 80'C, TCASE (PlCC) 
= O'C to 85'C) 


(VCC = 5V ± 10% for 80C86Al, 
VCC = 5V ± 5% for 80C86Al-2) 


Symbol 
Parameter 
80C86AL 
80C86AL·2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Conditions 


TClCl 
ClK 
Cycle Period 
200 
D.C. 
125 
D.C. 
ns 


TClCH 
ClKlowTime 
118 
68 
ns 


TCHCl 
ClK 
High Time 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
ns 
From 1.0V to 3.5V 


TCl2Cl1 
ClK 
Fall Time 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
30 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
ns 


TR1VCl 
ROY Setup Time 
35 
35 
ns 


into 82C84A 
(Notes 1, 2) 


TClR1X 
ROY Hold Time 
0 
0 
ns 


into 82C84A 
(Notes 1, 2) 


TRYHCH 
READY Setup 
118 
68 
ns 


Time into 80C86Al 


TCHRYX 
READY Hold Time 
30 
20 
ns 


into 80C86Al 


TRYlCl 
READY Inactive to 
-8 
-8 
ns 


ClK 
(Note 3) 


THVCH 
HOLD Setup Time 
35 
20 
ns 


TINVCH 
INTR, NMI, TEST 
30 
15 
ns 


Setup Time 
(Note 2) 


TILIH 
Input Rise Time 
15 
15 
ns 
From 0.8V to 2.0V 
(Except ClK) 


TIHll 
Input Fall Time 
15 
15 
ns 
From 2.0V to 0.8V 
(Except ClK) 


inter 


A.C. CHARACTERISTICS 
(Continued) 


(TA = O·C to 70·C, TCASE (Plastic) = O·C to 80·C, TCASE (PLCC) = O·C to 85·C) 
(VCC = 5V ± 10% for 80C86AL, 
VCC = 5V ± 5% for 80C86AL-2) 


Timing 
Responses 


Symbol 
Parameter 
80C86AL 
80C86AL·2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Conditions 


TCLAV 
Address 
Valid Delay 
10 
110 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float 
TCLAX 
80 
TCLAX 
50 
ns 
Delay 


TLHLL 
ALE Width 
TCLCH-20 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
80 
50 
ns 


TCHLL 
ALE Inactive 
Delay 
85 
55 
ns 


TLLAX 
Address 
Hold Time 
TCHCL-10 
TCHCL-10 
ns 
to ALE Inactive 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold Time 
TCLCH-30 
TCLCH-30 
ns 
AfterWR 


TCVCTV 
Control Active 
10 
110 
10 
70 
ns 
Delay 1 


TCHCTV 
Control Active 
10 
110 
10 
60 
ns 
Delay 2 


TCVCTX 
Control 
Inactive 
10 
110 
10 
70 
ns 
Delay 


TAZRL 
Address 
Float to 
0 
0 
ns 
READ Active 


TCLRL 
RD Active Delay 
10 
165 
10 
100 
ns 


TCLRH 
RD Inactive 
Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-40 
ns 
Address 
Active 


TCLHAV 
HLDA Valid Delay 
10 
160 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-60 
2TCLCL-40 
ns 


TAVAL 
Address 
Valid to 
TCLCH-60 
TCLCH-40 
ns 
ALE Low 


TOLOH 
Output Rise Time 
15 
15 
ns 
From 0.8Vto 
(Note 4) 
2.0V 


TOHOL 
Output Fall Time 
15 
15 
ns 
From 2.0Vto 
(Note 4) 
0.8V 


NOTES: 
1. Signal at 82C84A shown for reference only. See 82C84A data sheet for the most recent specifications. 
2. Setup requirement for asynchronous signal only to guarantee recognition at next ClK. 
3. Applies only to T2 state. (8 ns into T3). 
4. These parameters are characterized and not 100% tested. 


2-76 


inter 
80C86AL 


INPUT/OUTPUT 
YIH+UY=X 
1.5Y~ 


VIL 
- 
o.4Y 
~--------~ 


240074-26 
A.C. Testing 
inputs 
are driven 
at VIH + OAV for a logic 
"1" 
and 


Vil 
- 
0.4V for a logic "0". 
The clock 
is driven 
at VCH + OAVand 


VCl 
- 
0.4V. Timing 
measurements 
are made 
at 1.5V. 


TRYHCH- 
I 
TCLAZ 
TClAX 


READ 
CYCLE 


(NOTE 
1) 
(Wll, 1IiTi. 
YON) 


inter 


WRITE CYCLE IAO,,-ADo 
~:i~1 
DEN 


w. 


INTA CYCLE 
Df/R 


(NOTES163) 
~~:JOH 


80FTWAIlE 
HALT- 


RD, WR, INTA - YoH 


DTIR - INDETERMINATE 


NOTES: 
1. All output 
timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. ROY is sampled 
near the end of T2. T3. Tw to determine 
if Tw machines 
states 
are to be inserted. 
3. Two 
INTA 
cycles 
run back-to-back. 
The 80C86AL 
local 
AOOR/OATA 
BUS is floating 
during 
both 
INTA 
cycles. 
Control 
signals 
shown 
for second 
INTA cycle. 


4. Signals 
at 82C84A 
are shown 
for reference 
only. 


MAX MODE 
SYSTEM 
(USING 
82C88 
BUS CONTROLLER) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
80C86AL 
80C86AL·2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Conditions 


TClCl 
ClK 
Cycle Period 
200 
D.C. 
125 
D.C. 
ns 


TClCH 
ClKlowTime 
118 
68 
ns 


TCHCl 
ClK 
High Time 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
ns 
From 1.0V to 3.5V 


TCL2Cl1 
ClK 
Fall Time 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
30 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
ns 


TR1VCl 
ROY Setup Time into 82C84A 
35 
35 
ns 


(Notes 1, 2) 


TClR1X 
ROY Hold Time into 82C84A 
0 
0 
ns 


(Notes 1, 2) 


TRYHCH 
READY Setup Time into 80C86Al 
118 
68 
ns 


TCHRYX 
READY Hold Time into 80C86Al 
30 
20 


I 


ns 


TRYlCl 
READY Inactive to 
-8 
-8 
ns 


ClK 
(Note 4) 


TINVCH 
Setup Time for Recognition 
30 
15 
ns 


(INTR, NMI, TEST) 
(Note 2) 


TGVCH 
RQ/GT 
Setup Time 
30 
15 
ns 


TCHGX 
RQ Hold Time into 80C86Al 
40 
30 
ns 


TILIH 
Input Rise Time 
15 
15 
ns 
From 0.8V to 2.0V 
(Except ClK) 
(Note 5) 


TIHll 
Input Fall Time 
15 
15 
ns 
From 2.0V to 0.8V 
(Except ClK) 
(Note 5) 


Symbol 
Parameter 
80C86AL 
80C86AL·2 
Units 
Test 


Mln 
Max 
Mln 
Max 
Conditions 


TClMl 
Command 
Active 
5 
45 
5 
35 
ns 


Delay (Note 1) 


TClMH 
Command 
Inactive 
5 
45 
5 
35 
ns 
Delay (Note 1) 


TRYHSH 
READY Active to 
110 
65 
ns 
Status Passive (Note 3) 


TCHSV 
Status Active Delay 
10 
110 
10 
60 
ns 


TClSH 
Status Inactive Delay 
10 
130 
10 
70 
ns 


TCLAV 
Address 
Valid Delay 
. 


10 
110 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
ns 


TSVlH 
Status Valid to ALE High (Note 1) 
35 
20 
ns 


TSVMCH 
Status Valid to 
35 
30 
ns 
MCE High (Note 1) 


TCllH 
ClK 
low 
to ALE Valid (Note 1) 
35 
20 
ns 


TClMCH 
ClK 
low 
to MCE High (Note 1) 
35 
25 
ns 


TCHll 
ALE Inactive 
Delay (Note 1) 
4 
35 
4 
25 
ns 


TClDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 


TCVNV 
Control Active Delay (Note 1) 
5 
45 
5 
45 
ns 


TCVNX 
Control 
Inactive Delay (Note 1) 
5 
45 
10 
45 
ns 


TAZRl 
Address 
Float to Read Active 
0 
0 
ns 


TClRl 
RD Active Delay 
10 
165 
10 
100 
ns 


TClRH 
RD Inactive 
Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to 
TClCl-45 
TClCl-40 
ns 
Next Address 
Active 


TCHDTl 
Direction 
Control 
50 
50 
ns 
Active Delay (Note 1) 


TCHDTH 
Direction 
Control 
35 
30 
ns 
Inactive Delay (Note 1) 


TClGl 
GT Active Delay 
0 
85 
0 
50 
ns 


TClGH 
GT Inactive Delay 
0 
85 
0 
50 
ns 


TRlRH 
RDWidth 
2TClCl-75 
2TClCl-50 
ns 


TOlOH 
Output 
Rise Time 
15 
15 
ns 
From 0.8V to 2.0V 


TOHOl 
Output Fall Time 
15 
15 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 82C84A 
or 82C88 
shown 
for reference 
only. See 82C84A 
and 82C88 
for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next ClK. 


3. Applies 
only to T3 and wait states. 


4. Applies 
only to T2 state 
(8 ns into T3). 
5. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
80C86AL 


Y~H~=X 
1~~ 


YIL -CLAV 
---------- 


240074-" 
A.C. Testing 
inputs 
are driven 
at VIH + 0.4V lor a logic 
"," 
and 
Vil 
- 
OAV lor a logic "0". 
The clock 
is driven 
at VCH + OAVand 
VCl 
- 
OAV. TIming 
measurements 
are made 
at '.5V . 


...NOTE·lAUl-~ 
-_-m 


inter 


MCEI 
PDEN 
TClMCH 
DTiR 


SOFTWARE 
HALT - 
(DEN = VoL;RD,MRDC,IORC,MWTC,AMWC, 


iOWC,AIOWC,lNTA, 
= VOH) 
AD 
15.AD. 


TClAV 


S2'SI'S~ 
•• 
.•/ 
\ ---- 
,---- 


NOTES: 
1. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. ROY is sampled 
near the end of T2, T3, Tw to determine 
if Tw machines 
states 
are to be inserted. 


3. Cascade 
address 
is valid between 
first and second 
INTA cycle. 


4. Two INTA cycles 
run back-to-back. 
The 80C86AL 
local ADDR/DATA 
BUS is floating 
during 
both 
INTA cycles. 
Control 
for 
pointer 
address 
is shown 
for second 
INTA cycle. 


5. Signals 
at 82C84A 
or 82C88 
are shown 
for reference 
only. 


6. The issuance 
of the 82C88 
command 
and control 
signals 
(MRDC, 
MWTC, 
AMWC, 
IORC, IOWC, AIOWC, 
INTA and DEN) 
lags the active 
high 82C88 
CEN. 


7. Status 
inactive 
in state just prior to T4. 


ClK\ 
r\. 


NMI} dLn~- 
INTR 
SIGNAL 
: 


TEST 


BUS LOCK SIGNAL 
TIMING 


(MAXIMUM 
MODE 
ONLY) 
Y 


ANY 
ClK CYc::j 
uANY ClK CY~ 


ClK 


TClAV~r- 
--i 
~ 


lOCK "-----J- 
240074-18 


COPROCESSOR 


(SEE NOTE) 


intJ 


WAVEFORMS 
(Continued) 


HOLD/HOLD 
ACKNOWLEDGE 
TIMING 
(MINIMUM 
MODE 
ONLY) 


•• 1 elK 
CYCLE 


CU"'\ 
rt 
~? 


AO,.-AOo• 
A,A-A,efI, 
.•., ------ 
..• 
RD, 
~AL 
:-%~i1i~1liii 


Mnemonic and 


Oeserl 
lion 
DATA TRANSFER 


MOV ~ Move: 


Register/Memory 
to/from 
Register" 


Immediate 
to Register/Memory 


Immediate 
to Register 


Memory 
to Accumulator 


Accumulator 
to Memory 


Register IMemory 
to Segment 
Register" 


Segment 
Register 
to Register IMemory 


Register I Memory 


Register 


Segment 
Register 


POP = Pop: 


RegisterIMemory 


Register 


Segment 
Register 


XCHG ~ Exchange: 


Register/Memory 
with Register 


Register 
with Accumulator 


IN ~ Input Irom: 


Fixed Port 


Variable 
Port 


OUT ~ Output to: 


Fixed Port 


Variable Port 


XLAT ~ Trans'ate Byte to AL 


LEA = Load EA to Register 


LOS ~ Load Pointer to DS 


LES = Load Pointer to ES 


LAHF = Load AH with Flags 


SAHF ~ Store AH into Flags 


PUSHF ~ Push Flags 


POPF ~ Pop Flags 


76543210 


100010dw 


1100011 
w 


1011 
wreg 


1010000w 


1010001w 


10001110 


10001100 


11111111 


01010reg 


OOOregl 
1 0 


10001111 


01011 
reg 


OOOregl 
1 1 


1000011w 


10010reg 


1110010w 


1110110w 


1110011 
w 


1110111w 


11010111 


10001101 


11000101 


11000100 


10011111 


10011110 


10011100 


10011101 


2-84 


mod 
reg 
rIm 


mod 0 0 0 rIm 


data 


addr-Iow 


addr-Iow 


mod 0 reg rIm 


mod 0 reg rIm 


mod reg rIm 


mod reg rIm 


mod reg rIm 


data 


dataijw 
~ 1 


addr-high 


addr-high 


inter 
80C86AL 


Table 2. Instruction 
Set Summary (Continued) 


Mnemonic and 
Instruction 
Code 
Description 


ARITHMETIC 
76543210 
76543210 
76543210 
76543210 


ADD = Add: 


Reg.!Memory with Register to Either 
OOOOOOdw 
mod reg rIm 


Immediate to RegisterlMemory 
100000sw 
modOOOr/m 
data 
dataifsw 
= 01 


Immediate to Accumulator 
0000010w 
data 
data ifw = 1 


ADC = Add with Carry: 


Reg.!Memory with Register to Either 
000100dw 
mod reg rIm 


Immediate to RegisterlMemory 
100000sw 
mod 0 10 rIm 
data 
data if s w = 01 


Immediate to Accumulator 
0001010w 
data 
dataifw = 1 


INC = Increment: 


RegisterlMemory 
1111111 
w 
mod 0 0 0 rIm 


Register 
01000r~ 


AAA = ASCII Adjust for Add 
00110111 


DAA = Decimal Adjust for Add 
00100111 


SUB = Subtract: 


Reg.! Memory and Register to Either 
I 
001010dw 
mod reg rIm 


Immediate from RegisterlMemory 
I 
100000sw 
mod 1 01 rIm 
data 
data if s w = 01 


Immediate from Accumulator 
I 
0010110w 
data 
dataifw = 1 


SBB = Subtract with Borrow 


Reg.!Memory and Register to Either 
000110dw 
mod reg rIm 


Immediate from RegisterlMemory 
100000sw 
mod 011 
rIm 
data 
dataifsw 
= 01 


Immediate from Accumulator 
0001110w 
data 
dataifw = 1 


DEC = Decrement: 


RegisterIMemory 
lllllllw 
mod 0 01 rIm 


Register 
01001 
reg 


NEG = Change Sign 
1111011 
w 
mod 011 
rIm 


CMP = Compare: 


RegisterlMemory and Register 
001110dw 
mod reg rIm 


Immediate with RegisterlMemory 
100000sw 
mod 111 
rIm 
data 
dataifsw 
= 01 


Immediate with Accumulator 
0011110w 
data 
dataifw = 1 


AAS = ASCII Adjust for Subtract 
00111111 


DAS = Decimal Adjust for Subtract 
00101111 


MUL = Multiply (Unsigned) 
1111011 
w 
mod 100 
rIm 


IMUL = Integer Multiply (Signed) 
1111011 
w 
mod 101 
rIm 


AAM = ASCII Adjust for Multiply 
11010100 
00001010 


DIY = Divide (Unsigned) 
1111011 
w 
mod 11 Or/m 


IDlY = Integer Divide (Signed) 
1111011 
w 
mod 111 
rIm 


AAD = ASCII Adjust for Divide 
11010101 
00001010 


CBW = Convert Byte to Word 
10011000 


CWD = Convert Word to Double Word 
10011001 


inter 
80C86AL 


Table 
2. Instruction 
Set Summary 
(ContinueCl) 


Mnemonic and 
I 
Inslructlon 
Code 
Oeacrlptlon 


LOGIC 
76543210 
76543210 
76543210 
76543210 


NOT = Invert 
1111011 
w 
modO 1 Or/m 


SHLISAL = Shift Logicall Ari1hmelicLeft 
110100vw 
mod 1 OOr/m 


SHR = Shift Logical Righi 
110100vw 
mod 1 01 rIm 


SAR = Shift Arithmetic Righi 
110100vw 
mod 111 rIm 


ROL = Rotate Left 
110100vw 
modOOOr/m 


ROR = Rotate Right 
110100vw 
modOO 1 rIm 


RCL = Rotate Through Carry Flag Left 
110100vw 
modO 1 Or/m 


RCR = Rotate Through Carry Right 
110100vw 
modO 11 rIm 


AND = And: 


Reg.lMemory and Register to E~her 
001000dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
mod 1 OOr/m 
data 
data~w = 1 


Immediate to Accumulator 
0010010w 
data 
data~w = 1 


TEST = And Function 10 Flags, No Result 


Register/Memory and Register 
1000010w 
mod reg rIm 


Immediate Data and Register/Memory 
1111011 
w 
modOOOr/m 
data 
data ifw = 1 


Immediate Data and Accumulator 
1010100w 
data 
data~w = 1 


OR = Or: 


Reg.lMemory and Register to Either 
000010dw 
mod reg rIm 


Immediate to RegisterIMemory 
1000000w 
modOO 1 rIm 
data 
dataifw = 1 


Immediate to Accumulator 
0000110w 
data 
data ifw = 1 


XOR = Exclusive OR: 


Reg.lMemory and Register to E~her 
001100dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
mod 11 Or/m 
data 
dataifw = 1 


Immediate to Accumulator 
0011010w 
data 
dataifw = 1 


STRING MANIPULATION 


REP = Repeat 
1111001 
z 


MOVS = Move Byte/Word 
1010010w 


CMPS = Compare Byte/Word 
1010011 
w 


SCAS = Scan Byte/Word 
1010111 
w 


LODS = Load Byte/Wd to All AX 
1010110w 


STOS = Stor Byte/Wd from All A 
1010101 
w 


CONTROL TRANSFER 


CALL = Call: 


Direct Within Segment 
11101000 
disp-Iow 
disp-high 


Indirect Within Segment 
11111111 
modO 1 Or/m 


Direct Intersegment 
10011010 
offset-low 
offset-high 


seg-Iow 
seg-high 


Indirec1lntersegment 
11111111 
modO 11 rIm 


inter 


CONTROL TRANSFER (Continued) 
JMP = Unconditional 
Jump: 


Direct Within Segment 


Direct Within Segment-Short 


Indirect Within Segment 


Direct Intersegment 


RET ~ Return from CALL: 


Within Segment 


Within Seg. Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ ~ Jump on Equal/Zero 


JLlJNGE 
~ Jump on Less/Not Greater 
or Equal 
JLE/JNG = Jump on Less or Equal/ 


Not Greater 
JB/JNAE = Jump on Below/Not Above 
or Equal 
JBE/JNA 
~ Jump on Below or Equal/ 
Not Above 
JP/JPE = Jump on Parity/Parity Even 


JO = Jump on Overflow 


JS ~ Jump on Sign 


JNE/JNZ ~ Jump on Not Equal/Not Zero 


JNL/JGE = Jump on Not Less/Greater 
or Equal 
JNLE/JG = Jump on Not Less or Equal/ 
Greater 
JNB/JAE = Jump on Not Below/ Above 
or Equal 
JNBE/JA = Jump on Not Below or 
Equal/Above 
JNP/JPO ~ Jump on Not Par/Par Odd 


JNO ~ Jump on Not Overflow 


JNS = Jump on Not Sign 


LOOP ~ 
Loop ex Times 


LOOPZlLOOPE = Loop While Zero/Equal 


LOOPNZ/LOOPNE ~ Loop While Not 
Zero/Equal 
JCXZ = Jump on ex Zero 


11101011 


11111111 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


76543210 
76543210 


disp-Iow 
disp-high 


disp 
" 


mod 1 00 rIm 


offset-low 
offset-high 


seg-Iow 
seg-high 


mod 101 rIm 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 


INT ~ Interrupt 


Type Specified 


Type 3 


INTO = Interrupt on Overflow 


IRET ~ Interrupt Return 


01111110 


01110010 


01110110 


01111010 


01110000 


01111000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 


01110001 


01111001 


11100010 


11100001 


11100000 


11100011 


11001101 


11001100 


11001110 


11001111 


inter 


Mnemonic and 
Description 


PROCESSORCONTROL 


I 
76543210 


11111000 


11110101 


11111001 


11111100 


11111101 


11111010 


11111011 


11110100 


10011011 


11011 
xxx 


11110000 


CLC = Clear Carry 


CMC = Complement Carry 


STC = Set Carry 


CLD = Clear Direction 


STD ~ Set Direction 


CLI = Clear Interrupt 


STI ~ Set Interrupt 


HLT = Halt 


ESC = Escape (to External Device) 


LOCK ~ Bus Lock Prefix 


NOTES: 
AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value. 
Greater = more positive: 
. 


Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte instruc- 
tion 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0", disp-Iow and disp-high are 


absent 
if mod = 
01 then OISP = 
disp-Iow sign-extended to 


16 bits, disp-high is absent 
if mod = 10 then OISP = disp-high: disp-Iow 
if rIm = 000 then EA = (SX) + (SI) + OISP 
if rIm = 001 then EA = (SX) + (01) + OISP 
if rIm = 010 then EA = (SP) + (SI) + OISP 
if rIm = 011 then EA = (SP) + (01) + OISP 
if rIm = 100 then EA = (SI) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (SP) + OISP" 
if rIm = 111 then EA = (SX) + OISP 
OISP follows 2nd byte of instruction (before data if re- 
quired) 
"except if mod = 00 and rIm = 110 then EA = disp-high: 
disp-Iow. 
""MOV CS, REG/MEMORY not allowed. 


if s w = 01 then 16 bits of immediate data form the oper- 


and 
if s w = 11 then an immediate data byte is sign extended 


to form the 16-bit operand 
if v = 0 then "count" = 1; if v = 1 then "count" in (CL) 


register 
x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT 
OVERRIDE 
PREFIX 


I 
001r99110 
I 


REG is assigned according to the following table: 


16-Bit (w = 1) 
8-Blt (w = 0) 
Segment 


000 
AX 
000 
AL 
00 
E5 


001 
CX 
001 
CL 
01 
C5 


010 
OX 
010 
OL 
10 
55 


011 
BX 
011 
BL 
11 
05 


100 
5P 
100 
AH 


101 
BP 
101 
CH 


110 
51 
110 
OH 


111 
01 
111 
BH 


Instructions which reference the flag register file as a 16-bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(OF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


inter 


8088 


8-BIT HMOS MICROPROCESSOR 
8088/8088-2 


• 8-Blt Data Bus Interface 
• Byte, Word, and Block Operations 
• 16-Blt Internal Architecture 
• 8-Bit and 16-Blt Signed and Unsigned 
• Direct Addressing 
Capability to 1 Mbyte 
Arithmetic 
in Binary or Decimal, 


of Memory 
Including Multiply and Divide 
• Direct Software Compatibility 
with 8086 
• Two Clock Rates: 


CPU 
- 
5 MHz for 8088 
- 
8 MHz for 8088-2 
• 14-Word by 16-Blt Register Set with 
Available In EXPRESS 
Symmetrical 
Operations 
• - 
Standard Temperature 
Range 
• 24 Operand Addressing 
Modes 
- 
Extended Temperature 
Range 


The Intel~ 8088 is a high performance 
microprocessor 
implemented 
in N-channel. 
depletion 
load. silicon gate 
technology 
(HMOS), 
and packaged 
in a 40-pin CERDIP package. 
The processor 
has attributes 
of both 8- and 
16-bit microprocessors. 
It is directly 
compatible 
with 8086 software 
and 8080/8085 
hardware 
and peripherals. 


MEMORY 
INTERFACE 


C·BUS 


MIN 
I MAX 1 
MODE 
MODE 


GND 
Vcc 


AU 
A15 


A13 
Al61S3 


INSTRUCTION 


A12 
A171S4 
STREAM 
BYTE 
OUEUE 
All 
Al61S5 


Al0 
Al91S8 
ES 
SSO 
AS 
(HIGH) 


BUS 
CS 
A8 
MN/MX 
INTERFACE 
SS 
AD7 
liD 
UNIT 
DS 
AD8 
HOLD 
(~/~) 
IP 
AD5 
HLDA 
(lRIilffi) 


AD4 
WR 
(~) 


A·BUS 
AD3 
lolii 
(52) 


AD2 
DTili 
(51) 


ADl 
1IDI 
(SO) 
AH 
AL 
ADO 
ALE 
(OSO) 
BH 
BL 
CH 
CL 
NMI 
rnTA 
(OSl) 


EXECUTION 
DH 
DL 
INTR 
1nl 


UNIT 
SP 
CLK 
READY 


BP 
GND 
RESET 
SI 


DI 
FLAGS 
231456-2 


231456-1 
Figure 2. 8088 Pin Configuration 


Figure 1.8088 CPU Functional Block Diagram 


inter 


The following 
pin function 
descriptions 
are for 8088 systems 
in either minimum 
or maximum 
mode. 
The "local 
bus" 
in these 
descriptions 
is the direct 
multiplexed 
bus interface 
connection 
to the 8088 
(without 
regard 
to 
additional 
bus buffers). 


Symbol 
Pin No. 
Type 
Name and Function 


AD7-ADO 
9-16 
I/O 
ADDRESS 
OAT A BUS: These lines constitute 
the time multiplexed 
memory/IO 
address 
(T1) and data (T2, T3, Tw, T4) bus. These lines are 
active HIGH and float to 3-state OFF during interrupt 
acknowledge 
and 
local bus "hold acknowledge". 


A15-A8 
2-8,39 
0 
ADDRESS 
BUS: These lines provide address bits 8 through 
15 for the 
entire bus cycle (T1- T4). These lines do not have to be latched 
by ALE 
to remain valid. A 15-A8 
are active HIGH and float to 3-state OFF 
during interrupt acknowledge 
and local bus "hold 
acknowledge". 


A19/56, 
A18/55, 
35-38 
0 
ADDRESS/STATUS: 
During T1, these are the four most significant 
A17/54, 
A16/53 
address 
lines for memory operations. 
During I/O operations, 
these lines 
are lOW. 
During memory and I/O operations, 
status information 
is 
available 
on these lines during T2, T3, Tw, and T4. 56 is always low. 


.' 
The status of the interrupt 
enable flag bit (55) is updated 
at the 
beginning 
of each clock cycle. 54 and 53 are encoded 
as shown. 


This information 
indicates 
which segment 
register is presently 
being 
. 
used for data accessing . 


These lines float to 3-state OFF during local bus "hold 
acknowledge". 


S4 
S3 
Characteristics 
o (lOW) 
0 
Alternate 
Data 
0 
1 
5tack 
1 (HIGH) 
0 
Code or None 
1 
1 
Data 
56isO 
(lOW) 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performin..9. a 
memory or I/O read cycle, depending 
on the state of the 10/Mpin or 


52. This signal is used to read devices which reside on the 8088 local 
bus. RD is active lOW 
during T2, T3 and Tw of any read cycle, and is 


guaranteed 
to remain HIGH in T2 until the 8088 local bus has floated. 


This signal floats to 3-state OFF in "hold acknowledge". 


READY 
22 
I 
READY: 
is the acknowledgement 
from the addressed 
memory or I/O 


device that it will complete 
the data transfer. 
The ROY signal from 


memory or I/O is synchronized 
by the 8284 clock generator 
to form 
READY. This signal is active HIGH. The 8088 READY input is not 
synchronized. 
Correct operation 
is not guaranteed 
if the set up and hold 


times are not met. 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is sampled 
during the last clock cycle of each instruction 
to determine 
if the 
processor 
should enter into an interrupt acknowledge 
operation. 
A 


subroutine 
is vectored 
to via an interrupt vector lookup table located 
in 


system memory. 
It can be internally 
masked by software 
resetting 
the 


interrupt 
enable bit. INTR is internally 
synchronized. 
This signal is active 


HIGH. 


TE5T 
23 
I 
TEST: input is examined 
by the "wait for test" 
instruction. 
If the TE5T 


input is lOW, 
execution 
continues, 
otherwise 
the processor 
waits in an 


"idle" 
state. This input is synchronized 
internally 
during each clock 


cycle on the leading edge of ClK. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


NMI 
17 
I 
NON·MASKABLE 
INTERRUPT: 
is an edge triggered 
input which causes a 
type 2 interrupt. A subroutine 
is vectored 
to via an interrupt vector lookup 
table located in system memory. 
NMI is not maskable 
internally 
by 


software. 
A transition 
from a lOW 
to HIGH initiates the interrupt 
at the end 


of the current instruction. 
This input is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present activity. 


The signal must be active HIGH for at least four clock cycles. It restarts 
execution, 
as described 
in the instruction 
set description, 
when RESET 
returns lOW. 
RESET is internally 
synchronized. 


elK 
19 
I 
CLOCK: provides 
the basic timing for the processor 
and bus controller. 
It is 


asymmetric 
with a 33% duty cycle to provide optimized 
internal timing. 


Vcc 
40 
Vcc: is the + 5V ± 10% power supply pin. 


GND 
1,20 
GND: are the ground pins. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to operate 
in. 


The two modes are discussed 
in the following 
sections. 


The following 
pin function 
descriptions 
are for the 8088 minimum 
mode 
(i.e., MN/MX 
= 
VccJ. Only the pin 
functions 
which are unique to minimum 
mode are described; 
all other pin functions 
are as described 
above. 


Symbol 
Pin No. 
Type 
Name and Function 


10/M 
28 
0 
STATUS 
LINE: is an inverted 
maximum 
'!!.ode 52. It is used to distinguish 
a 
memory access from an I/O access. 
10/M becomes 
valid in the T4 preceding 
a 
bus cycle ~d 
remains valid until the final T4 of the cycle (I/O = HIGH, M = 
lOW).IO/M 
floats to 3-state OFF in local bus "hold acknOWledge". 


WR 
29 
0 
WRITE: strobe indicates 
that the processor 
is performing 
a write memory or write 
I/O cycle, depending 
on the state of the 10/M signal. WR is active for T2, T3, and 
Tw of any write cycle. It is active lOW, 
and floats to 3-state OFF in local bus 
"hold acknowledge". 


INTA 
24 
0 
INTA: is used as a read strobe for interrupt acknowledge 
cycles. It is active lOW 
during T2, T3, and Tw of each interrupt acknowledge 
cycle. 


ALE 
25 
0 
ADDRESS 
LATCH ENABLE: is provided 
by the processor 
to latch the address 
into an address latch. It is a HIGH pulse active during clock low of T1 of any bus 
cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
is needed in a minimum system that desires to use 
a data bus transceiver. 
It is used to control the direction 
of data flow through the 
transceiver. 
logically, 
DT/R ~ equivalent 
to S1 in the maximum 
mode, and its 
timing is the same as for 10/M (T = HIGH, R = lOW). 
This signal floats to 
3-state OFF in local "hold acknowledge". 


DEN 
26 
0 
DATA ENABLE: is provided 
as an output enable for the data bus transceiver 
in a 
minimum system which uses the transceiver. 
DEN is active lOW 
during each 
memory and I/O access, and for INTA cycles. For a read or INTA cycle, it is 
active from the middle of T2 until the middle of T4, while for a write cycle, it is 
active from the beginning 
of T2 until the middle of T4. DEN floats to 3-state OFF 
during local bus "hold acknowledge". 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


HOLD, 
31,30 
1,0 
HOLD: indicates 
that another 
master is requesting 
a local bus "hold". 
To be 
HLDA 
acknowledged, 
HOLD must be active HIGH. The processor 
receiving 
the "hold" 


request will issue HLDA (HIGH) as an acknowledgement, 
in the middle of a T4 or 


T1 clock cycle. Simultaneous 
with the issuance 
of HLDA the processor 
will float 
the local bus and control 
lines. After HOLD is detected 
as being LOW, the 


processor 
lowers HLDA, and when the processor 
needs to run another cycle, it 


will again drive the local bus and control 
lines. 


Hold is not an asynchronous 
input. External synchronization 
should be provided 
if 
the system cannot otherwise 
guarantee 
the set up time. 


SSO 
34 
0 
STATUS 
LINE: is logical It- equivale~ 
to SO in the maximum 
mode. The 


combination 
of SSO, 10/M and DT /R allows the system to completely 
decode 
the 
current bus cycle status. 


IO/M 
DT/R 
SSO 
Characteristics 


, 
1(HIGH) 
0 
0 
Interrupt Acknowledge 
1 
0 
1 
Read I/O Port 
1 
1 
0 
Write I/O Port 
1 
1 
1 
Halt 
, 
O(LOW) 
0 
0 
Code Access 
0 
0 
1 
Read Memory 
0 
1 
0 
Write Memory 
0 
1 
1 
Passive 


The following pin function descriptions are for the 8088/8288 system in maximum mode (i.e., MN/MX = 
GND). Only the pin functions which are unique to maximum mode are described; all other pin functions are as 
described above. 


Symbol 
Pin No. 
Type 
Name and Function 


S2, S1, SO 
26-28 
0 
STATUS: 
is active during clock high of T4, T1, and T2, and is returned 
to the 


passive state (1,1,1) during T3 or during Tw when READY is HIGH. This status is 
used by the 8288 bus controller 
to~nerate 
all memory and I/O access control 


signals. Any change 
by S2, S1, or SO during T4 is used to indicate the beginning 


of a bus cycle, and the return to the passive state in T3 and Tw is used to 
indicate the end of a bus cycle. 
These signals float to 3-state OFF during "hold acknowledge". 
During the first 


clock cycle after RESET becomes 
active, these signals are active HIGH. After 


this first clock, they float to 3-state OFF. 


S2 
S1 
SO 
Characteristics 


O(LOW) 
0 
0 
Interrupt Acknowledge 
0 
0 
1 
Read I/O Port 
0 
1 
0 
Write I/O Port 
0 
1 
1 
Halt 


I 
1(HIGH) 
0 
0 
Code Access 
1 
0 
1 
Read Memory 
1 
1 
0 
Write Memory 
1 
1 
1 
Passive 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


RQ/GTO, 
30,31 
I/O 
REQUEST/GRANT: 
pins are used by other local bus masters to force the 


RQ/GT1 
processor 
to release the local bus at the end of the processor's 
current bus 


cycle. Eac.!!2in is bidirectional 
with RQ/GTO having higher priority than RQ/ 


GT1. RQ/GT 
has an internal pull-up resistor, so may be left unconnected. 


The request/grant 
sequence 
is as follows 
(See Figure 8): 


1. A pulse of one ClK 
wide from another 
local bus master indicates 
a local 


bus request ("hold") 
to the 8088 (pulse 1). 


2. During a T4 or Tl clock cycle, a pulse one clock wide from the 8088 to the 
requesting 
master (pulse 2), indicates 
that the 8088 has allowed the local 


bus to float and that it will enter the "hold 
acknowledge" 
state at the next 


ClK. 
The CPU's bus interface 
unit is disconnected 
logically from the local 


bus during "hold 
acknowledge". 
The same rules as for HOLD/HOLDA 
apply 


as for when the bus is released. 


3. A pulse one ClK 
wide from the requesting 
master indicates 
to the 8088 


(pulse 3) that the "hold" 
request is about to end and that the 8088 can 


reclaim the local bus at the next ClK. 
The CPU then enters T4. 


Each master-master 
exchange 
of the local bus is a sequence 
of three 


pulses. There must be one idle ClK 
cycle after each bus exchange. 
Pulses 


are active lOW. 


If the request is made while the CPU is performing 
a memory cycle, it will 


release the local bus during T4 of the cycle when all the following 
conditions 


are met: 


1. Request 
occurs on or before T2. 


2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge 
of an interrupt 
acknowledge 


sequence. 
4. A locked instruction 
is not currently 
executing. 


If the local bus is idle when the request is made the two possible 
events will 


follow: 


1. local 
bus will be released 
during the next clock. 


2. A memory cycle will start within 3 clocks. 
Now the four rules for a currently 


active memory cycle apply with condition 
number 
1 already satisfied. 


lOCK 
29 
0 
LOCK: indicates 
that other system bus masters are not to gain control 
of the 


system bus while lOCK 
is active (lOW). 
The lOCK 
signal is activated 
by 


the "lOCK" 
prefix instruction 
and remains active until the completion 
of the 


next instruction. 
This signal is active lOW, 
and floats to 3-state off in "hold 


acknowledge" 
. 


QS1,QSO 
24,25 
0 
QUEUE STATUS: provide status to allow external 
tracking 
of the internal 


8088 instruction 
queue. 


The queue status is valid during the ClK 
cycle after which the queue 


operation 
is performed. 


QS1 
QSO 
Characteristics 


O(lOW) 
0 
No Operation 
0 
1 
First Byte of Opcode from Queue 
1(HIGH) 
0 
Empty the Queue 
1 
1 
Subsequent 
Byte from Queue 
- 
34 
0 
Pin 34 is always high in the maximum 
mode. 


intJ 
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0 FFFFFH 
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SEGMENT 


REGISTER 
FILE 


CS 
SS 
DS 
ES 


The processor 
provides 
a 20-bit address 
to memory 


which locates the byte being referenced. 
The memo- 


ry is organized 
as a linear 
array of up to 1 million 


bytes, 
addressed 
as OOOOO(H)to 
FFFFF(H). 
The 


memory 
is logically 
divided 
into 
code, 
data, 
extra 


data, and stack segments 
of up to 64K bytes each, 
with 
each 
segment 
falling 
on 
16-byte 
boundaries 


(See Figure 3). 


All memory 
references 
are made relative to base ad- 


dresses 
contained 
in high speed segment 
registers. 
The segment 
types were chosen 
based 
on the ad- 


dressing 
needs 
of programs. 
The segment 
register 


to be selected 
is automatically 
chosen 
according 
to 


the rules of the following 
table. All information 
in one 


segment 
type share the same logical attributes 
(e.g. 


code 
or data). 
By structuring 
memory 
into relocat- 


able areas of similar characteristics 
and by automati- 


cally 
selecting 
segment 
registers, 
programs 
are 


shorter, 
faster, 
and more structured. 


Word 
(16-bit) 
operands 
can be located 
on even or 


odd address 
boundaries. 
For address and data oper- 


ands, the least significant 
byte of the word is stored 


in the lower valued 
address 
location 
and the 
most 


significant 
byte in the next higher 
address 
location. 


The BIU will automatically 
execute 
two fetch or write 


cycles for 16-bit operands. 


Memory 
Segment 
Segment 
Selection 
Rule 
Reference 
Used 
Register 
Used 


Instructions 
CODE (CS) 
Automatic 
with all instruction 
prefetch. 


Stack 
STACK (SS) 
All stack pushes and pops. Memory references 
relative to BP base register except data references. 


Local Data 
DATA (DS) 
Data references 
when: relative to stack, destination 


of string operation, 
or explicity overridden. 


External 
(Global) Data 
EXTRA (ES) 
Destination 
of string operations: 
Explicitly 
selected 


using a segment 
override. 


Certain locations in memory are reserved for specific 
CPU operations (See Figure 4). Locations from ad- 
dresses FFFFOHthrough FFFFFH are reserved for 
operations including a jump to the initial system ini- 
tialization routine. Following RESET, the CPU will al- 
ways begin execution at location FFFFOHwhere the 
jump must be located. Locations OOOOOHthrough 
003FFH are reserved for interrupt operations. Four- 
byte pointers consisting of a 16-bit segment address 
and a 16-bit offset address direct program flow to 
one of the 256 possible interrupt service routines. 
The pointer elements a~e assumed to have been 
stored at their respective places in reserved memory 
prior to the occurrence of interrupts. 


The requirements for supporting minimum and maxi- 
mum 8088 systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Cons~ently, 
the 8088 is equipped with 


a strap pin (MNfMX) which defines the system con- 


FFFFFH 
RESET BOOTSTRAP 
PROGRAM 
JUMP 
FFFFOH 
••• 
3FFH 
INTERRUPT 
POINTER 
FOR TYPE 255 
3FOH 
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INTERRUPT 
POINTER 
FOR TYPE 1 
4H 


INTERRUPT 
POINTER 
3H 


FOR TYPE 0 
OH 
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figuration. The definition of a certain subset of the 
pins changes, dependent on the condition of the 
strap pin. When the MNfMX pin is strapped to GND, 
the 8088 defines pins 24 thro~ 
31 and 34 in maxi- 


mum mode. When the MNfMX pin is strapped to 
Vcc, the 8088 generates bus control signals itself on 
pins 24 through 31 and 34. 


The minimum mode 8088 can be used with either a 
multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS-85™ 
multiplexed bus peripherals. This configuration (See 
Figure 5) provides the user with a minimum chip 
count system. This architecture provides the 8088 
processing power in a highly integrated form. 


The demultiplexed mode requires one latch (for 64K 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffering is required 
(See Figure 6). The 8088 provides DEN and DTfA to 
control the transceiver, and ALE to latch the ad- 
dresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re- 
quirements. 
. 


The maximum mode employs the 8288 bus control- 
ler (See Figure 7). The 8288 decodes status lines 
SO,S1, and S2, and provides the system with all bus 
control signals. Moving the bus control to the 8288 
provides better source and sink current capability to 
the control lines, and frees the 8088 pins for extend- 
ed large system features. Hardware lock, queue 
status, and two request! grant interfaces are provid- 
ed by the 8088 in maximum mode. These features 
allow co-processors in local bus and remote bus 
configurations. 
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Bus Operation 


The 8088 address/data bus is broken into three 
parts-the 
lower eight address/data 
bits (ADO- 


AD?), the middle eight address bits (A8-A 15), and 
the upper four address bits (A16-A19). 
The ad- 
dress/data bits and the highest four address bits are 
time multiplexed. This technique provides the most 
efficient use of pins on the processor, permitting the 
use of a standard 40 lead package. The middle eight 
address bits are not multiplexed, Le.they remain val- 


id throughout each bus cycle. In addition, the bus 
can be demultiplexed at the processor with a single 
address latch if a standard, non-multiplexed bus is 
desired for the system. 


Each processor bus cycle consists of at least four 
elK cycles. These are referred to as T1, T2, T3, and 
T4 (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
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ing the direction of the bus dUringread operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods 
can occu~ between 8088 driven bus cycles. These 
are referred to as "idle" states (Ti), or inactive ClK 
cycles. The processor uses these cycles for internal 
housekeeping. 


During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 8288 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 


Status bits SO,Sf, and 52 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 


52 
51 
50 
Characteristics 


O(lOW) 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 


0 
1 
0 
Write I/O 


0 
1 
1 
Halt 
1(HIGH) 
0 
0 
Instruction Fetch 
1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (No Bus Cycle) 


Status bits S3 through S6 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. S3 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 


54 
53 
Characteristics 


O(lOW) 
0 
Alternate Data (Extra Segment) 


0 
1 
Stack 
1(HIGH) 
0 
Code or None 


1 
1 
Data 


S5 is a reflection of the PSW interrupt enable bit. S6 
is always equal to O. 


In the 8088, I/O operations can address up to a 
maximum of 64K I/O registers. The I/O address ap- 
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A16 are 
zero in I/O operations. The variable I/O instructions, 


which use register OXas a pointer, have full address 
capability, while the direct I/O instructions directly 
address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are ad- 
dressed in the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 8088 uses a full 16-bit address 
on its lower 16 address lines. 


Processor initialization or start up is accomplished 
with activation (HIGH) of the RESET pin. The 8088 
RESET is required to be HIGH for greater than four 
clock cycles. The 8088 will terminate operations on 
the high-going edge of RESET and will remain dor- 
mant as long as RESET is HIGH. The low-going 
transition of RESET triggers an internal reset se- 
quence for approximately 7 clock cycles. After this 
interval the 8088 operates normally, beginning with 
the instruction in absolute locations FFFFOH (See 
Figure 4). The RESET input is internally synchroniz- 
ed to the processor clock. At initialization, the HIGH 
to lOW transition of RESET must occur no sooner 
than 50 !Josafter power up, to allow complete initiali- 
zation of the 8088. 


NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 


All 3-state outputs float to 3-state OFF during 
RESET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF. ALE and HlDA are driven low. 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 


inter 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations a through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type." An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 


The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 
be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


The 8088 provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri- 
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter- 
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis- 
ter which is automatically pushed onto the stack re- 
flects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored, the 


enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (See Figure 9), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 8088 emits the 
LOCK signal (maximum mode only) from T2 of the 
first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
byte is fetched from the external interrupt system 
(e.g., 8259A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem to latch the halt status. Halt status is available 
on 10/M, DT/A, and SSO. In maximum mode, the 
~cess~issues 
appropriate HALT status on S2, 


S1, and SO,and the 8288 bus controller issues one 
ALE. The 8088 will not leave the HALT state when a 
local bus hold is entered while in HALT. In this case, 
the processor reissues the HALT indicator at the 
end of the local bus hold. An interrupt request or 
RESET will force the 8088 out of the HALT state. 


Read/Modify/Write 
(Semaphore) 


Operations 
via LOCK 


The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write 
opera- 


tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycle of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 
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As an alternative to interrupts, the 8088 provides a 
single software-testable input pin (TEST). This input 
is utilized by executing a WAIT instruction. The sin- 
gle WAIT instruction is repeatedly executed until the 
TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 


If a local bus request occurs during WAIT execution, 
the 8088 3-states all output drivers. If interrupts are 
enabled, the 8088 will recognize interrupts and pro- 
cess them. The WAIT instruction is then refetched, 
and reexecuted. 
. 


Basic System Timing 


In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
8288 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing-Minimum 
System 


(See Figure 8) 


The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 


going) edge of this signal is used to latch the ad- 
dress information, which is valid on the addressl 
data 
bus 
(ADO-AD7) 
at 
this 
time, 
into 
the 


8282/8283 latch. Address lines A8 through A15 do 
not need to be latched because they remain valid 
throughout the bus cycle. From T1 to T4 the 101M 
signal indicates a memory or liD operation. At T2 
the address is removed from the addressldata bus 
and the bus goes to a high impedance state. The 
read control signal is also asserted at T2. The read 
(RD) signal causes the addressed device to enable 
its data bus drivers to the local bus. Some time later, 
valid data will be available on the bus and the ad- 
dressed device will drive the READY line HIGH. 
When the processor returns the read signal to a 
HIGH level, the addressed device will again 3-state 
its bus drivers. If a transceiver is required to buffer 
the 8088 local bus, signals DTIA and DEN are pro- 
vided by the 8088. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The 101M signal is 
again asserted to indicate a memory or liD 
write 


operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 


inter 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowl~e 
(INTA) signal is asserted in place of the 
read (RD) signal and the address bus is floated. 
(See Figure 9) In the second of two successive INTA 
cycles, a byte of information is read from the data 
bus, as supplied by the interrupt system logic (Le. 
8259A priority interrupt controller). This byte identi- 
fies the source (type) of the interrupt. It is multiplied 
by four and used as a pointer into the interrupt vec- 
tor lookup table, as described earlier. 


Bus Timing-Medium 
Complexity 
Systems 


(See Figure 10) 


For medium complexity systems, the MN/MX pin is 
connected to GND-and the 8288 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 8088 is capable of han- 
dling. Signals ALE, DEN, and DT/A are generated 
by the 8288 instead of the processor in this configu- 
ration, although their timing remains relatively the 
same. The 8088 status outputs (S2, S1, and SO)pro- 
vide type of cycle information and become 8288 in· 
puts. This bus cycle information specifies read 
(code, data, or I/O), write (data or I/O), interrupt ac- 
knowledge, or software halt. The 8288 thus issues 
control signals specifying memory read or write, I/O 
read or write, or interrupt acknowledge. The 8288 
provides two types of write strobes, normal and ad- 
vanced, to be applied as required. The normal write 
strobes have data valid at the leading edge of write. 
The advanced write strobes have the same timing 
as read strobes, and hence, data is not valid at the 
leading edge of write. The transceiver receives the 
usual T and DE inputs from the 8288's DT/A and 
DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA CYCle,can derive 
from an 8259A located on either the local bus or the 
system bus. If the master 8289A priority interrupt 
controller is positioned on the local bus, a TIL gate 
is required to disable the transceiver when reading 
from the master 8259A during the interrupt acknowl- 
edge sequence and software "poll". 


The 8088 CPU is an 8·bit processor designed 
around the 8086 internal structure. Most internal 
functions of the 8088 are identical to the equivalent 
8086 functions. The 8088 handles the external bus 


the same way the 8086 does with the distinction of 
handling only 8 bits at a time. Sixteen-bit operands 
are fetched or written in two consecutive bus cycles. 
Both processors will appear identical to the software 
engineer, with the exception of execution time. The 
internal register structure is identical and all instruc- 
tions have the same end result. The differences be- 
tween the 8088 and 8086 are outlined below. The 
engineer who is unfamiliar with the 8086 is referred 
to the iAPX 86, 88 User's Manual, Chapters 2 and 4, 
for function description and instruction set informa- 
tion. Internally, there are three differences between 
the 8088 and the 8086. All changes are related to 
the 8-bit bus interface. 


• The queue length is 4 bytes in the 8088, whereas 
the 8086 queue contains 6 bytes, or three words. 
The queue was shortened to prevent overuse of 
the bus by the BIU when prefetching instructions. 
This was required because of the additional time 
necessary to fetch instructions 8 bits at a time. 
• To further optimize the queue, the prefetching al- 
gorithm was changed. The 8088 BIU will fetch a 
new instruction to load into the queue each time 
there is a 1 byte hole (space available) in the 
queue. The 8086 waits until a 2-byte space is 
available. 
• The internal execution time of the instruction set 
is affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 
four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 8088 are being used, the queue has time to 
fill and the execution proceeds as fast as the exe- 
cution unit will allow. 


The 8088 and 8086 are completely software com- 
patible by virtue of their identical execution units. 
Software that is system dependent may not be com- 
pletely transferable, but software that is not system 
dependent will operate equally as well on an 8088 
and an 8086. 


The hardware interface of the 8088 contains the ma- 
jor differences between the two CPUs. The pin as- 
signments are nearly identical, however, with the fol- 
lowing functional changes: 
• A8-A 15- These pins are only address outputs 
on the 8088. These address lines are latched in- 
ternally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 


• BHE has no meaning on the 8088 and has been 
eliminated. 
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• SSO provides the SO status information in the 


minimum mode. This out~t 
oc~rs 
on ~34 
in 


minimum mode only. DTIR, 101M, and SSO pro- 
vide the complete bus status in minimum mode. 


as" aso 


8088 


52, S1. so 


A19/S6 
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A'6/S3 


ALE 


8288 
ROY 
828_ 


READY 
8088 


• 101Mhas been inverted to be compatible with the 


MCS-85 bus structure. 


• ALE is delayed by one clock cycle in the mini- 


mum mode when entering HALT, to allow the 
~tatus to be latched with ALE. 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex· 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to + 70·C 


Case Temperature 
(Plastic) 
O·C to + 95·C 


Case Temperature 
(CERDIP) 
O·C to + 75·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0 
to + 7V 


Power Dissipation 
2.5 Watt 


D.C. CHARACTERISTICS 
(TA = O·C to 70·C, TCASE (Plastic) = O·C to 95·C, TCASE (CERDIP) = O·C to 75·C, 
TA = O·C to 55·C and TCASE = O·C to 75·C for P8088-2 
only 


TA is guaranteed 
as long as TCASE is not exceeded) 


(Vcc = 5V ±10% 
for 8088, VCC = 5V ±5% 
for 8088-2 
and Extended 
Temperature 
EXPRESS) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
+0.8 
V 
(Note 1) 


VIH 
Input High Voltage 
2.0 
VCC + 0.5 
V 
(Notes 1, 2) 


VOL 
Output 
Low Voltage 
0.45 
V 
IOl = 2.0mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400/-LA 


Icc 
8088 
340 
mA 
TA = 25·C 
Power Supply Current: 8088-2 
350 
P8088 
250 


III 
Input Leakage Current 
±10 
/-LA 
OV s VIN S Vcc 


ILO 
Output and lib 
Leakage Current 
±10 
/-LA 
0.45V s VOUT S Vcc 


VCl 
Clock Input Low Voltage 
-0.5 
+0.6 
V 


VCH 
Clock Input High Voltage 
3.9 
VCC + 1.0 
V 


CIN 
Capacitance 
If Input Buffer 
15 
pF 
fc = 1 MHz 
(All Input Except 


ADo-AD7' 
RQ/GT) 


CIO 
Capacitance 
of I/O Buffer 
15 
pF 
fc = 1 MHz 
ADo-AD7' 
RQ/GT) 


NOTES: 
1. VIL tested 
with MN/MX 
Pin = OV 


VIH tested 
with MN/MX 
Pin = 5V 


MN/MX 
Pin is a strap Pin 
2. Not applicable 
to RQ/GTO 
and RQ/GT1 
Pins (Pin 30 and 31) 


inter 


(TA = O°C to 70°C, TCASE (Plastic) = O°C to 95°C, TCASE (CERDIP) = O°C to 75°C, 
TA = O°C to 55°C and TCASE = O°C to 75°C for P8088-2 
only 


TA is guaranteed 
as long as TCASE is not exceeded) 


(VCC = 5V ± 10% for 8088, VCC = 5V ±5% 
for 8088·2 and Extended 
Temperature 
EXPRESS) 


8088 
8088-2 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 


TClCl 
ClK 
Cycle Period 
200 
500 
125 
500 
ns 


TClCH 
ClKlowTime 
118 
68 
ns 


TCHCl 
ClK 
High Time 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
~ 
10 
10 
From 1.0V to 3.5V 
ns 


TCl2CL2 
ClK 
Fall Time 
10 
10 
ns 
From 3.5V to 1.0V 


mVCl 
Data in Setup Time 
30 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
ns 


TR1VCl 
RDY Setup Time into 8284 
35 
35 
ns 


(Notes 1, 2) 


TClR1X 
RDY Hold Time into 8284 
0 
0 
ns 
.. 


(Notes 1, 2) 


TRYHCH 
READY Setup Time 
118 
68 
ns 


into 8088 


TCHRYX 
READY Hold Time 
30 
20 
ns 


into 8088 


TRYlCl 
READY Inactive to ClK 
-8 
-8 
ns 


(Note 3) 
, 
.. 


THVCH 
HOLD Setup Time 
35 
20 
ns 
1 


TINVCH 
INTR, NMI, TEST Setup Time 
30 
15 
ns 


(Note 2) 


TILIH 
Input Rise Time (Except ClK) 
20 
20 
ns 
From 0.8V to 2.0V 


TIHll 
Input Fall Time (Except ClK) 
12 
12 
ns 
From 2.0V to 0.8V 


8088 
8088·2 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 


TCLAV 
Address 
Valid Delay 
10 
110 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
ns 


TLHLL 
ALE Width 
TCLCH-20 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
80 
50 
ns 


TCHLL 
ALE Inactive 
Delay 
85 
55 
ns 


TLLAX 
Address 
Hold Time to 
TCHCL-10 
TCHCL-10 
ns 


ALE Inactive 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold Time after WR 
TCLCH-30 
TCLCH-30 
ns 


TCVCTV 
Control Active Delay 1 
10 
110 
10 
70 
ns 


TCHCTV 
Control Active Delay 2 
10 
110 
10 
60 
ns 


TCVCTX 
Control 
Inactive Delay 
10 
110 
10 
70 
ns 


TAZRL 
Address 
Float to READ 
0 
0 
ns 


Active 


TCLRL 
RD Active Delay 
10 
165 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-40 
ns 


Address 
Active 


TCLHAV 
HLDA Valid Delay 
10 
160 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-60 
2TCLCL-40 
ns 


TAVAL 
Address 
Valid to ALE Low 
TCLCH-60 
TCLCH-40 
ns 


TOLOH 
Output Rise Time 
20 
20 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
12 
12 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal at 8284A 
shown 
for reference 
only. See 8284A 
data sheet 
for the most recent 
specifications. 


2. Set up requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next eLK. 
3. Applies 
only to T2 state (8 ns into T3 state). 


"----v,_''''~'"''_,y- 
o,.s--.l\-----------~ 


DEVICE 
UNDER 
TEST 


231456-11 


A.C, Testing; 
Inputs 
are driven 
at 2.4V for a logic 
"1" 
and 0.45V 
for a logic "0", 
Timing 
measurements 
are made at 2,OV for a logic 
"1" 
and O,8V for a logic 
"0", 


READ CYCLE 


(NOTE 
1) 
(Wll, JIiTl. 
VOM) 


INTA CYCLE 


NOTES 
1,3 


{RD. ViR '" YOM) 


SOFTWARE 
HALT 
- 


DEN,RD,WR.INTA 
YOH 


DT/Ii INDETERMINATE 


NOTES: 
1. All signals 
switch 
between 
VOH and VOL unless 
otherwise 
specified. 


2. RDY is sampled 
near the end of T2. T3. Tw to determine 
if Tw machines 
states 
are to be inserted. 


3. Two 
INTA 
cycles 
run back-to-back. 
The 
8088 
local 
ADDR/DATA 
bus is floating 
during 
both 
INTA 
cycles. 
Control 
signals 
are shown 
for the second 
INTA cycle. 
4. Signals 
at 8284 are shown 
for reference 
only. 


5. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 


inter 


8088 
8088·2 
Test 
Symbol 
Parameter 
Units 
Conditions 
Mln 
Max 
Mln 
Max 


TClCl 
ClK 
Cycle Period 
200 
500 
125 
500 
ns 


TClCH 
ClK 
low Time 
118 
68 
ns 


TCHCl 
ClK 
High Time 
r 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
ns 
From 1.0V to 3.5V 


TCL2Cl1 
ClK 
Fall Time 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data in Setup Time 
30 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
ns 


TR1VCl 
ROY Setup Time into 8284 
35 
35 
ns 


(Notes 1, 2) 


TClR1X 
ROY Hold Time into 8284 
0 
0 
ns 


(Notes 1, 2) 


TRYHCH 
READY Setup Time into 8088 
118 
68 
ns 


TCHRYX 
READY Hold Time into 8088 
30 
20 
ns 


TRYlCl 
READY Inactive to ClK 
-8 
-8 
ns 


(Note 4) 


TINVCH 
Setup Time for Recognition 
30 
15 
ns 


(INTR, NMI, TEST) (Note 2) 


TGVCH 
RQ/GT 
Setup Time 
30 
15 
ns 


TCHGX 
RQ Hold Time into 8088 
40 
30 
ns 


TILIH 
Input Rise Time (Except ClK) 
20 
20 
ns 
From 0.8V to 2.0V 


TIHll 
Input Fall Time (Except ClK) 
12 
12 
ns 
From 2.0V to 0.8V 


inter 


8088 
8088·2 
Test 
Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 
Conditions 


TCLML 
Command 
Active Delay 
10 
35 
10 
35 
ns 


(Note 1) 


TCLMH 
Command 
Inactive 
Delay 
10 
35 
10 
35 
ns 


(Note 1) 


TRYHSH 
READY Active to 
110 
65 
ns 


Status Passive (Note 3) 


TCHSV 
Status Active Delay 
10 
110 
10 
60 
ns 


TCLSH 
Status Inactive 
Delay 
10 
130 
10 
70 
ns 


TCLAV 
Address 
Valid Delay 
10 
110 
10 
60 
ns 


TCLAX 
Address Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
ns 


TSVLH 
Status Valid to ALE High 
15 
15 
ns 


(Note 1) 


TSVMCH 
Status Valid to MCE High 
15 
15 
ns 


(Note 1) 


TCLLH 
CLK Low to ALE Valid 
15 
15 
ns 


(Note 1) 


TCLMCH 
CLK Low to MCE (Note 1) 
15 
15 
ns 


TCHLL 
ALE Inactive Delay (Note 1) 
15 
15 
ns 


TCLMCL 
MCE Inactive Delay (Note 1) 
15 
15 
ns 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 
Cl = 20-100 
pF for 
TCVNV 
Control Active Delay 
5 
45 
5 
45 
ns 
All 8088 Outputs 
(Note 1) 
in Addition 
to 
TCVNX 
Control 
Inactive 
Delay 
10 
45 
10 
45 
ns 
Internal 
Loads 
(Note 1) 


TAZRL 
Address 
Float to 
0 
0 
ns 


Read Active 


TCLRL 
RD Active Delay 
10 
165 
10 
100 
ns 


TCLRH 
RD Inactive 
Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-40 
ns 


Address 
Active 


TCHDTL 
Direction 
Control 
50 
50 
ns 


Active Delay (Note 1) 


TCHDTH 
Direction 
Control 
30 
30 
ns 


Inactive 
Delay (Note 1) 


TCLGL 
GT Active Delay 
85 
50 
ns 


TCLGH 
GT Inactive 
Delay 
85 
50 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-50 
ns 


TOLOH 
Output Rise Time 
20 
20 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
12 
12 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 8284 or 8288 
shown 
for reference 
only. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next elK. 
3. Applies 
only to T3 and wait states. 


4. Applies 
only to T2 state 
(8 ns into T3 state). 


inter 


,.----v:,_,~, ~,~_ :;v---. 
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DEVICE 
UNDER 
TEST 


231456-11 


A.C. Testing; 
Inputs 
are driven 
at 2.4V for a logic 
"1" 
and 0.45V 


for a logic "0". 
Timing 
measurements 
are made at 2.0V for a logic 


"1" 
and 0.8V for a logic 
"0". 


/ ALE ("II 
OUTPUT) 


SEE 
NOTE 51 


ROY (.2a4IHPUn 


DT/~ 


•••• 
OUTPUTS IliRliC OR ~ 


SEE 
NOTES 
5"1 


DEN 


inter 


~--~/ 
,------- 
\\._----- 


NOTES: 
231456-16 
1. All signals 
switch 
between 
VOH and VOL unless 
otherwise 
specified. 


2. ROY is sampled 
near the end of T2, T3, Tw to determine 
if Tw machines 
states 
are to be inserted. 
3. Cascade 
address 
is valid between 
first and second 
INTA cycles. 
4. Two 
INTA cycles 
run back-to-back. 
The 8088 
local ADDR/DATA 
bus is floating 
during 
both 
INTA cycles. 
Control 
for 
pointer 
address 
is shown 
for second 
INTA cycle. 
5. Signals 
at 8284 or 8288 are shown 
for reference 
only. 
6. The 
issuance 
of the 8288 
command 
and control 
signals 
(MRDC, 
MWTC, 
AMWC. 
IORC, 
IOWC, 
AIOWC, 
INTA 
and 
DEN) lags the active 
high 8288 CEN. 
7. All timing' measurements 
are made at 1.5V unless 
otherwise 
noted. 
8. Status 
inactive 
in state just prior to T4. 


WAVEFORMS 
(Continued) 


ASYNCHRONOUS 
SIGNAL 
RECOGNITION 
BUS LOCK SIGNAL 
TIMING 
(MAXIMUM 
MODE 
ONLY) 


ClK 


NMI 
I.- 


INTA 


TeST 
_=1- 


lOCK' 
\ 
--------- 
NOTE: 
231456-17 


1. Setup 
requirements 
for asynchronous 
signals 
only to 


guarantee 
recognition 
at next eLK. 


JOf'ftoulll'afll 
A1"'A:~ 
•., 
___< 


ADr-AUt 


:~ 
,...1 
---< 


NOTE: 
1. The coprocessor 
may not drive the busses 
outside 
the region 
shown 
without 
risking contention. 


rt'OR 2 CYCLES 
{>--/L~;-' 


TC ••• 
lH_A_V 
~:~'-~-~t" 
.. 


inter 


Mnemonic and 
DellCrtptlon 


DATA TRANSFER 


MOV = Move: 


Register/Mel1lOlYto/from Register 


Immediate to Register/Memory 


Immediate to Register 


Memory to Accumulator 


Accumulator to Memory 


Register/Memory to Segment Register 


Segment Register to Register/Memory 


Register/Memory 


Register 


Segment Register 


pop = Pop: 


Register/Memory 


Register 


Segment Register 


XCHG = Exchange: 


Register/Memory with Register 


Register with Accumulator 


IN = Input from: 


Fixed Port 


Variable Port 


OUT = Output to: 


Fixed Port 


Variable Port 


XLAT = Translate Byte to AL 


LEA = Load EA to Register 


LOS = Load Pointer to OS 


LES = Load Pointer to ES 


LAHF ~ Load AH with Flags 


SAHF = Store AH into Flags 


PUSHF = Push Flags 


POPF = Pop Flags 


100010dw 


1100011 
w 


76543210 
76543210 


mod 
reg 
rIm 


modOOOr/m 
data 


data 
dataifw 
~ 1 


addr-Iow 
addr-high 


addr-Iow 
addr-high 


mod 0 reg r/m 


mod o reg r/m 


mod 11 Or/m 


1011 
wreg 


1010000w 


1010001w 


10001110 


10001100 


01010reg 


OOOreg 11 0 


10001111 


01011 
reg 


000regl11 


1000011w 


10010reg 


1110010w 


1110110w 


1110011 
w 


1110111 
w 


11010111 


10001101 


11000101 


11000100 


10011111 


10011110 


10011100 


10011101 


mod reg r/m 


mod reg r/m 


mod reg r/m 


inter 


8086/8088 Instruction Set Summary (Continued) 
I 
Instruction Code 


ARITHMETIC 


ADD = Add: 


Reg.lMemory with Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


ADC = Add with Carry: 


Reg.lMemory with Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


INC = Increment: 


Register/Memory 


Register 


AAA = ASCII Adjust for Add 


BAA ~ Decimal Adjust for Add 


SUB = Subtract: 


Reg.lMemory and Register to Either 


Immediate from Register/Memory 


Immediate from Accumulator 


SSB ~ Subtract with Borrow 


Reg.l Memory and Register to Either 


Immediate from Register/Memory 


Immediate from Accumulator 


DEC = Decrement: 


Register/memory 


Register 


NEG = Change sign 


CMP = Compare: 


Register/Memory and Register 


Immediate with Register/Memory 


Immediate with Accumulator 


AAS = ASCII Adjust for Subtract 


DAS = Decimai Adjust for Subtract 


MUL ~ Multiply (Unsigned) 


IMUL = Integer Multiply (Signed) 


AAM = ASCII Adjustfor Multiply 


DIY ~ Divide (Unsigned) 


IDlY = Integer Divide (Signed) 


AAD ~ ASCII Adjust for Divide 


CBW = Convert Byte to Word 


CWO = Convert Word to Double Word 


OOOOOOdw 


100000sw 


0000010w 


mod reg r/m 


mod 0 0 Or/m 


data 


000100dw 


100000sw 


0001010w 


mod reg r/m 


mod010r/m 


data 


1111111w 


01000reg 


00110111 


00100111 


mod reg r/m 


mod 1 01 rIm 


data 


000110dw 


100000sw 


000111 
w 


mod reg rIm 


modO 11 rIm 


data 


1111111w 


01001 
reg 


1111011 
w 


0011110w 


00111111 


00101111 


1111011 
w 


1111011 
w 


11010100 


1111011w 


1111011 
w 


11010101 


10011000 


10011001 


mod reg r/m 


mod 111 rIm 


data 


mod 1 OOr/m 


mod 101 rIm 


mod 11 Or/m 


mod 111 rIm 


data 


data~w = 1 


data 


data~w = 1 


data 


dataifw 
= 1 


data 


dataifw 
= 1 


data 


dataifw 
~ 1 


--- ---------·1 
,~_ ......---, 


Mnemonic and 
I 
Instruction Code 
Description 


LOGIC 
76543210 
76543210 
76543210 
76543210 


NOT = Invert 
1111011 
w 
modO 1 Or/m 


SHLISAL = Shift Logical/Arithmetic Left 
110100vw 
mod 1 OOr/m 


SHR = Shift Logical Right 
110100vw 
mod 1 01 rIm 


SAR = Shift Arithmetic Right 
110100vw 
mod 111 rIm 


ROL = Rotate Left 
110100vw 
modOOOr/m 


ROR = Rotate Right 
110100vw 
modOOl 
rIm 


RCL = Rotate Through Carry Flag Left 
110100vw 
modO 1 Or/m 


RCR = Rotate Through Carry Right 
110100vw 
modO 11 rIm 


AND = And: 


Reg.lMemory and Register to Either 
001000dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
mod 1 OOr/m 
data 
dataifw 
= 1 


Immediate to Accumulator 
0010010w 
data 
dataifw 
~ 1 


TEST = And Function to Flags. No Result 


Register/Memory and Register 
1000010w 
mod reg r/m 


Immediate Data and Register/Memory 
1111011 
w 
mod 0 0 0 rIm 
data 
data ifw = 1 


Immediate Data and Accumulator 
1010100w 
data 
dataifw 
= 1 


OR= 
Or: 


Reg.lMemory and Register to Either 
000010dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 00 1 rIm 
data 
dataifw 
= 1 


Immediate to Accumulator 
0000110w 
data 
dataifw 
= 1 


XOR = Exclusive or: 


Reg.lMemory and Register to Either 
001100dw 
mod reg rIm 


Immediate to Register/Memory 
1000000w 
mod 11 0 rIm 
data 
dataifw 
~ 1 


Immediate to Accumulator 
0011010w 
data 
dataifw 
= 1 


STRING MANIPULATION 


REP = Repeat 
1111001 
z 


MOYS = Move Byte/Word 
1010010w 


CMPS ~ Compare Byte/Word 
1010011 
w 


SCAS ~ Scan Byte/Word 
1010111 
w 


LODS ~ Load Byte/Wd to AL/ AX 
1010110w 


STOS = Stor Byte/Wd from All A 
1010101 
w 


CONTROL TRANSFER 


CALL ~ Call: 


Direct Within Segment 
11101000 
disp-Iow 
disp-high 


Indirect Within Segment 
11111111 
modO 1 Or/m 


Directlntersegment 
10011010 
offset-low 
offset-high 


seg-Iow 
seg-high 


Indirect Intersegment 
11111111 
modO 11 rim 


inter 


JMP 
~ 
Unconditional 
Jump: 


Direct Within Segment 


Direct Within Segment-Short 


Indirect Within Segment 


Directlntersegment 


RET = Return 
from 
CALL: 


Within Segment 


Within Seg Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ 
~ Jump on Equal/Zero 


JLlJNGE 
= Jump on Less/Not Greater 
or Equal 


JLE/JNG 
= Jump on Less or Equal/ 
Not Greater 
JB/JNAE 
~ Jump on Below/Not Above 
or Equal 


JBE/JNA 
~ Jump on Below or Equal! 
Not Above 


JP/JPE 
= Jump on Parity/Parity Even 


JO ~ Jump on Overflow 


JS = Jump on Sign 


JNE/JNZ 
~ Jump on Not Equal/Not Zero 


JNLlJGE 
= Jump on Not Less/Greater 


or Equal 


JNLE/JG 
~ Jump on Not Less or Equal/ 
Greater 


JNB/ JAE 
~ Jump on Not Below/Above 
or Equal 


JNBE/ JA = Jump on Not Below or 
Equal/ Above 


JNP/JPO 
~ Jump on Not Par/Par Odd 


JNO 
~ Jump on Not Overflow 


JNS = Jump on Not Sign 


LOOP = Loop ex TlIlles 


LOOPZ/LOOPE 
= Loop While Zero/Equal 


LooPNZ/LooPNE 
~ Loop While Not 
Zero/Equal 


JCXZ 
~ Jump on ex Zero 


11101001 


11101011 


11111111 


11101010 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


disp-Iow 


disp 


mod 1 OOr/m 


seg-Iow 


mod 101 rIm 


76543210 


disp-high 


offset-high 


sag-high 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 


01111010 


01110000 


01111000 


01110111 


01111011 


01110001 


01111001 


11100010 


11100001 


INT = Interrupt 


Type Specified 


Type 3 


INTO = Interrupt on Overflow 


IRET 
~ Interrupt Return 


11100000 


11100011 


11001101 


11001100 


11001110 


11001111 


inter 


PROCESSOR CONTROL 


CLC ~ Clear Carry 


CMC = Complement Carry 


STC = Set Carry 


STD = Set Direction 


CLI = Clear Interrupt 


STI = Set Interrupt 


HLT = Halt 


WAIT = Wail 


ESC = Escape (to External Device) 


LOCK = Bus Lock Prefix 


11111000 


11110101 


11111001 


11111100 


11111101 


11111010 


11111011 


11110100 


10011011 


NOTES: 
AL = 8-bit accumulator 
AX = 16·bit accumulator 
CX = Count register 
OS = Data segment 
ES = Extra segment 
Above/below refers to unsigned value 
Greater = more positive: 
Less = less positive (more negative) signed values 
if d = 1 then "to" reg; if d = 0 then "from" reg 
if w = 1 then word instruction; if w = 0 then byte 
instruction 
if mod = 11 then rIm is treated as a REG field 
if mod = 00 then OISP = 0', disp-Iow and disp-high are 


absent 
if mod = 01 then OISP = disp-Iow sign-extended to 


16 bits, disp-high is absent 


if mod = 10 then OISP = disp-high; disp-Iow 
if rIm = 000 then EA = (BX) + (51) + DISP 
if rIm = 001 then EA = (BX) + (01) + OISP 
if rIm = 010 then EA = (BP) + (51) + OISP 
if rIm = 011 then EA = (BP) + (01) + OISP 
if rIm = 100 then EA = (51) + OISP 
if rIm = 101 then EA = (01) + OISP 
if rIm = 110 then EA = (BP) + OISP' 
if rIm = 111 then EA = (BX) + DISP 
OISP follows 2nd byte of instruction (before data if re- 
quired) 
'except 
if mod = 00 and rIm = then EA = disp-high: 
disp-Iow. 
if s:w = 01 then 16 bits of immediate data form the oper- 


and 
if s:w = 11 then an immediate data byte is sign extended 


to form the 16·bit operand 
if v = 0 then "count" = 1; if v = 1 then "count" in (CL) 
register 
x = don't care 
z is used for string primitives for comparison with ZF FLAG 
SEGMENT OVERRIDE PREFIX 
I 
001reg110 
I 


16-Blt (w = 1) 
8·Blt (w - 
0) 
Segment 


000 
AX 
000 
AL 
00 
ES 


001 
CX 
001 
CL 
01 
CS 


010 
OX 
010 
OL 
10 
SS 


011 
BX 
011 
BL 
11 
OS 


100 
SP 
100 
AH 


101 
BP 
101 
CH 


110 
SI 
110 
OH 
111 
01 
111 
BH 


Instructions which reference the flag register file as a 16·bit 
object use the symbol FLAGS to represent the file: 
FLAGS = 
X:X:X:X:(OF):(DF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics @) Intel, 1978 


The following 
lists the key differences 
between 
this 


data sheet 
and the -002 revision 
of the 8088 
data 


sheet. 


1. The maximum 
ambient 
temperature 
spec. for the 


8 MHz 8088 
in a plastic 
package 
has been 
re- 


duced from 70·C to 55·C. This spec. change 
is for 


P8088-2 
only. 


2. A case temperature 
spec. of 75·C has been add- 


ed that 
correlates 
to the 
new 
P8088-2 
ambient 
temperature 
spec. 


3. The following 
statement 
regarding 
correlation 
of 


ambient 
and case temperature 
has been added: 
"T A is guaranteed 
as long as TCASE is not ex- 


ceeded." 


4. TCLAV 
Address 
Valid 
Oelay 
Max 
has 
been 


changed 
from 
70 ns to 60 ns for the 8088-2 
to 


reflect 
the tested 
value. 


80C88A 


8-BIT CHMOS MICROPROCESSOR 


• Pln-for-Pln and Functionally Compatible 
• Direct Addressing 
Capability of 1 
to Industry Standard HMOS 8088 
MByte of Memory 


• Direct Software Compatibility 
with 
• Architecture 
Designed for Powerful 
80C86, 8086, 8088 
Assembly Language and Efficient High 
• Fully Static Design with Frequency 
Level Languages 


Range from D.C. to: 
• 24 Operand Addressing 
Modes 
- 
8 MHz for 80C88A-2 
• Byte, Word and Block Operations 
• Low Power Operation 
• 8 and 16-Blt Signed and Unsigned 
-Operating 
Icc = 10 mA/MHz 
Arithmetic 
- 
Standby IcCs = 500 p,A max 
- 
Binary or Decimal 
• Bus-Hold Circuitry Eliminates Pull-Up 
- 
Multiply and Divide 


Resistors 
• Available in 40-Lead Plastic DIP 


(See Packaging Spec., Order #231369) 


The Intel 80C88A 
is a high performance, 
CHMOS version of the industry standard 
HMOS 8088 8-bit CPU. The 
processor 
has attributes 
of both 8 and 16-bit microprocessors. 
The 80C88A, 
available 
in 8 MHz clock 
rate, 


offers 
two modes 
of operation: 
MINimum 
for small 
systems 
and MAXimum 
for larger 
applications 
such 
as 
multi-processing. 
It is available 
in 40-pin 
DIP. 


MIN 
MODE 


GND 
Vee 


AU 
A'S 


A13 
.181S3 


A" 
"11/~ 


All 
A111S5 


A'. 
A18r1S1 


AO 
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Iili 


AD. 
HOLD 
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HLOA 
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WI\ 
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AD. 
DTill 
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llUI 


ADO 
ALE 


NIlI 
1IlTA 


INfA 
TnT 


ClK 
READY 


GND 
RESET 


AH 
Al 
IH 
IL 
CH 
Cl 


EXECUTION 
DH 
DL 
UNIT 
SP 
"'., 


DI 


[MAX) 
MODE 


(llCl,llTll) 


(1mIllT1) 


(~) 


(52) 


(S;) 


($0) 


(OSO) 


(OS,) 


240028-2 


Figure 
2. 80C88A 
40-Lead 


DIP Configuration 
Figure 
1. 80C88A 
CPU 
Functional 
Block 
Diagram 
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Table 
1. Pin Description 


The following 
pin function 
descriptions 
are for BOCBBA systems 
in either 
minimum 
or maximum 
mode. 
The 
"local 
bus" 
in these descriptions 
is the direct 
multiplexed 
bus interface 
connection 
to the BOCBBA (without 
regard 
to additional 
bus buffers). 


Symbol 
Pin No. 
Type 
Name and Function 


AD7-ADO 
9-16 
I/O 
ADDRESS 
DATA 
BUS: These lines constitute 
the time 


multiplexed 
memory/IO 
address 
(T1) and data (T2, T3, Tw, and 


T4) bus. These lines are active HIGH and float to 3-state OFF(ll 
during interrupt 
acknowledge 
and local bus "hold acknowledge". 


A15-A8 
2-8,39 
0 
ADDRESS 
BUS: These lines provide address bits 8 through 
15 for 


the entire bus cycle (T1- T4). These lines do not have to be 
latched by ALE to remain valid. A 15-A8 
are active HIGH and float 


to 3-state OFF(ll 
during interrupt 
acknowledge 
and local bus 


"hold acknowledge". 


A19/S6, 
A18/S5, 
35-38 
0 
ADDRESS/STATUS: 
During T1, these are the four most 
A17/S4, 
A16/S3 
significant 
address lines for memory operations. 
During I/O 


operations, 
these lines are LOW. During memory and I/O 


operations, 
status information 
is available 
on these lines during 


T2, T3, Tw, and T4. S6 is always low. The status of the interrupt 
enable flag bit (S5) is updated 
at the beginning 
of each clock 


cycle. S4 and S3 are encoded 
as shown. 


This information 
indicates 
which segment 
register is presently 


being used for data accessing. 


These lines float to 3-state OFF(l) 
during local bus "hold 


acknowledge" 
. 


S4 
S3 
CHARACTERISTICS 


O(LOW) 
0 
Alternate 
Data 


0 
1 
Stack 


I- 
1(HIGH) 
0 
Code or None 
1 
1 
Data 


S6 isO(LOW) 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performing 
a 


memory or I/O read cycle, depending 
on the state of the 10/Mpin 


or S2. This signal is used to read devices which reside on the 
80C88A 
local bus. RD is active LOW during T2, T3 and Tw of any 


read cycle, and is guaranteed 
to remain HIGH in T2 until the 


80C88A 
local bus has floated. 


This signal floats to 3-state OFF(ll 
in "hold acknowledge". 


READY 
22 
I 
READY: 
is the acknowledgement 
from the addressed 
memory or 


I/O device that it will complete 
the data transfer. 
The ROY signal 


from memory or I/O is synchronized 
by the 82C84A 
clock 


generator 
to form READY. This signal is active HIGH. The 80C88A 


READY input is not synchronized. 
Correct operation 
is not 


guaranteed 
if the set up and hold times are not met. 


inter 


Symbol 
Pin No. 
Type 
Name and Function 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is sampled 
during the last clock cycle of each instruction 
to determine 
if the 


I 
processor 
should enter into an interrupt 
acknowledge 
operation. 
A 
subroutine 
is vectored 
to via an interrupt vector lookup table located 
in system memory. 
It can be internally 
masked by software 
resetting 
the interrupt enable bit. INTR is internally 
synchronized. 
This signal is 
active HIGH. 


TEST 
23 
I 
TEST: input is examined 
by the "wait for test" 
instruction. 
If the 
TEST input is LOW, execution 
continues, 
otherwise 
the processor 
waits in an "idle" 
state. This input is synchronized 
internally 
during 
each clock cycle on the leading edge of CLK. 


NMI 
17 
I 
NON·MASKABLE 
INTERRUPT: 
is an edge triggered 
input which 
causes a type 2 interrupt. 
A subroutine 
is vectored 
to via an interrupt 
vector lookup table located in system memory. 
NMI is not maskable 


. 
internally 
by software. 
A transition 
from a LOW to HIGH initiates the 
interrupt at the end of the current instruction. 
This input is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present 
activity. The signal must be active HIGH for at least four clock cycles. 
It restarts execution, 
as described 
in the instruction 
set description, 
when RESET returns LOW. RESET is internally 
synchronized. 


CLK 
19 
I 
CLOCK: provides 
the basic timing for the processor 
arid bus 
controller. 
It is asymmetric 
with a 33% duty cycle to provide 
optimized 
internal timing. 


Vcc 


t 
40 
Vcc: is the + 5V ± 10% power supply pin. 
. 


GND 
1,20 
GND: are the ground pins. Both must be connected. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to 
operate 
in. The two modes are discussed 
in the following 
sections. 


The fol/owing pin function 
descriptions 
are for the 80e88A 
minimum 
mode (i.e., MN/MX 
= VCC). Only the pin 
functions 
which are unique 
to minimum 
mode are described; 
aI/ other pin functions 
are as described 
above. 


101M 
28 
0 
STATUS 
LINE: is an inverted 
maximum 
mode S2. It is used to 
distinguish 
a memory access from an 1/0 access. 
101M becomes 
valid in the T4 preceding 
a bus cycle and remains valid until the final 
T4 of the cycle (1/0 = HIGH, M = LOW). 101M floats to 3-state 
OFF(1) in local bus "hold 
acknowledge". 


WR 
29 
0 
WRITE: strobe indicates 
that the processor 
is performing 
a write 
memory or write 1/0 cycle, depending 
on the state of the 101M 
signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF(1) in local bus "hold 
acknowledge". 


INTA 
24 
0 
INTA: is used as a read strobe for interrupt 
acknowledge 
cycles. It is 
active LOW during T2, T3, and Tw of each interrupt 
acknowledge 
cycle. 


Symbol 
Pin No. 
Type 
Name and Function 


ALE 
25 
0 
ADDRESS 
LATCH ENABLE: is provided 
by the processor 
to latch 


the address 
into an address 
latch. It is a HIGH pulse active during 


clock low of T1 of any bus cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
is needed in a minimum 
system that 


desires to use a data bus transceiver. 
It is used to control the 


direction 
of data flow through the transceiver. 
Logically, 
DT IA is 


equivalent 
to 81 in the maximum 
mode, and its timing is the same as 


for 101M(T = HIGH, R = LOW). This signal floats to 3-state OFF(l) 
in local "hold 
acknowledge". 


DEN 
26 
0 
OAT A ENABLE: is provided as an output enable for the transceiver 
in a minimum system which uses the transceiver. 
DEN is active LOW 


during each memory and 1/0 access, and for INTA cycles. For a read 
or INTA cycle, it is active from the middle of T2 until the middle of T4, 
while for a write cycle, it is active from the beginning 
of T2 until the 


I 
middle of T4. DEN floats to 3-state OFF(l) 
during local bus "hold 


acknowledge" 
. 


HOLD, HLDA 
30,31 
1,0 
HOLD: indicates 
that another 
master is requesting 
a local bus 
"hold". 
To be acknowledged, 
HOLD must be active HIGH. The 


processor 
receiving the "hold" 
request will issue HLDA (HIGH) as an 


acknowledgement, 
in the middle of a T4 or T1 clock cycle. 


Simultaneous 
with the issuance 
of HLDA the processor 
will float the 


local bus and control 
lines. After HOLD is detected 
as being LOW, 


the processor 
lowers HLDA, and when the processor 
needs to run 


another 
cycle, it will again drive the local bus and control 
lines. 


Hold is not an asynchronous 
input. External synchronization 
should 


be provided 
if the system cannot otherwise 
guarantee 
the set up 


time. 


SSO 
34 
0 
STATUS 
LINE: is logically equivalent 
to 80 in the maximum 
mode. 


The combination 
of 880, 101Mand DT IA allows the system to 


completely 
decode 
the current bus cycle status. 


. 
IO/M 
DT/R 
SSO 
CHARACTERISTICS 


1(HIGH) 
0 
0 
Interrupt 
Acknowledge 


1 
0 
1 
Read 1/0 port 


• 
. 
1 
1 
0 
Write 1/0 port 


1 
1 
1 
Halt 


O(LOW} 
0 
0 
Code access 


0 
0 
1 
Read memory 


0 
1 
0 
Write memory 


0 
1 
1 
Passive 


inter 


Table 
1. Pin Description 
(Continued) 


The following pin function descriptions are for the 80C88A182C88 system in maximum mode (i.e., 
MNIMX = GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. ' 


Symbol 


52, 51, SO 


Pin No. 


26-28 


RQ/GTO, 
RQ/GT1 


Type 


o 
STATUS: 
is active during clock high of T4, T1, and T2, and is 
returned 
to the passive state (1,1,1) during T3 or during Tw when 


READY is HIGH. This status is used by the 82C88 bus controller 
to 


generate 
all memory and I/O access control 
signals. Any change 
by 


52,51, 
or SO during T4 is used to indicate the beginning 
of a bus 


cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 


These signals float to 3-state OFF(11 during "hold acknowledge". 
During the first clock cycle after RESET becomes 
active, these 


signals are active HIGH. After this first clock, they float to 3-state 
OFF. 


S2 


O(lOW) 
o 
o 
o 
1(HIGH) 
1 
1 
1 


Interrupt Acknowledge 
Read I/O port 
Write I/O port 
Halt 
Code access 
Read memory 
Write memory 
Passive 


I/O 
REQUEST/GRANT: 
pins are used by other local bus masters to 


force the processor 
to release the local bus at the end of the 
processor's 
current bus cycle. Each pin is bidirectional 
with RQ/GTO 


having higher priority than RQ/GT1. 
RQ/GT 
has an internal 
pull-up 
resistor, so may be left unconnected. 
The request/grant 
sequence 
is 


as follows 
(see timing diagram): 


1. A pulse of one ClK 
wide from another 
local bus master indicates 
a 
local bus request ("hold") 
to the 80C88A 
(pulse 1). 


2. During aT 4 or T1 clock cycle, a pulse one clock wide from the 
80C88A to the requesting 
master (pulse 2), indicates 
that the 


80C88A 
has allowed the local bus to float and that it will enter the 
"hold acknowledge" 
state at the next ClK. 
The CPU's bus interface 
unit is disconnected 
logically from the local bus during "hold 
acknowledge". 
The same rules as for HOLD/HOLDA 
apply as for 
when the bus is released. 


3. A pulse one ClK 
wide from the requesting 
master indicates 
to the 


80C88A (pulse 3) that the "hold" 
request is about to end and that the 


80C88A can reclaim the local bus at the next ClK. 
The CPU then 


enters T4. 


inter 


Symbol 


RQ/GTO, 
RQ/GT1 


Pin No. 


30,31 


NOTE: 
1. See the section 
on Bus Hold Circuitry. 


Table 1. Pin Descriptions (Continued) 


Type 
Name and Function 


1/0 
Each master-master 
exchange 
of the local bus is a sequence 
of 


three pulses. There must be one idle ClK 
cycle after each bus 
exchange. 
Pulses are active lOW. 


If the request is made while the CPU is performing 
a memory cycle, 


it will release the local bus during T4 of the cycle when all the 
following 
conditions 
are met: 


1. Request occurs on or before T2. 
2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge 
of an interrupt 


acknowledge 
sequence. 
4. A locked instruction 
is not currently 
executing. 


If the local bus is idle when the request is made the two possible 
events will follow: 


1. local 
bus will be released 
during the next clock. 


2. A memory cycle will start within 3 clocks. 
Now the four rules for a 


currently 
active memory cycle apply with condition 
number 1 


already satisfied. 


LOCK: indicates 
that other system bus masters are not to gain 


control 
of the system bus while lOCK 
is active (lOW). 
The lOCK 


signal is activated 
by the "lOCK" 
prefix instruction 
and remains 


active until the completion 
of the next instruction. 
This signal is 


active lOW, 
and floats to 3-state OFF(ll 
in "hold acknowledge". 


QUEUE STATUS: provide status to allow external tracking 
of the 


internal 80C88A 
instruction 
queue. 


The queue status is valid during the ClK 
cycle after which the 


queue operation 
is performed. 


QS1 
QSO 
CHARACTERISTICS 


O(lOW) 
0 
No operation 


o 
1 
First byte of opcode 
from queue 


1(HIGH) 
0 
Empty the queue 


1 
1 
Subsequent 
byte from queue 


Pin 34 is always high in the maximum 
mode. 


inter 


STATIC 
OPERATION 


All 80C88A circuitry is of static design. Internal regis- 
ters, counters and latches are static and require no 
refresh as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed 
on 
other 
microprocessors. 
The 
CMOS 


80C88A can operate from DC to the appropriate up- 
per frequency limit. The processor clock may ~e 
stopped in either state (high/low) and held there In- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 


The 80C88A can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 


Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88A power 
dissipation is directly related to operating frequency. 
As the system frequency is reduced, so is the oper- 
ating power until ultimately, at a DC input frequency, 
the 80C88A power requirement is the standby cur- 
rent. 


~FFFFFH 
I 
} 
CODE 
SEGMENT 


XXXXOH 


} 
STACK 
SEGMENT 


WORD 
[ 
~:: 
} 
OAT A SEGMENT 


BYTE 


} 
EXTRA 
DATA 
SEGMENT 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H)to FFFFF(H). The 
memory is logically divided into code, data, extra 
data and stack segments of up to 64K bytes each, 
with' each segment falling on 16-byte boundaries. 
(See Figure 3.) 


All memory references are made relative to base ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the. ad- 
dressing needs of programs. The segment register 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address locati~n. 
The BIU will automatically execute two fetch or wnte 
cycles for 16-bit operands. 


Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOHthrough FFFFFH are reserved for 
operations including a jump to the initial system 


...----.-,ES,-Er-,B,-o-,or,-sT:c:.,-AP,,--....,..--, 
FFFFFH 


PROGRAM 
JUMP 


• 


INTERRUPT 
POINTER 


FOR 
TYPE 
255··• 


INTERRUPT 
POINTER 
FOR 
TYPE 
1 


INTERRUPT 
POINTER 


FOR 
TYPE 
0 


4H 
3H 


OH 
240028-4 


Memory 
Segment 
Register 
Segment 
Reference 
Need 
Used 
Selection 
Rule 


Instructions 
CODE (CS) 
Automatic with all instruction prefetch. 


Stack 
STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 
DATA (OS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 
EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 


initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOHwhere 
the 
jump 
must 
be 
located. 
Locations 
OOOOOH 


through 003FFH are reserved for interrupt opera- 
tions. Four-byte pointers consisting of a 16-bit seg- 
ment address and a 16-bit offset address direct pro- 
gram flow to one of the 256 possible interrupt serv- 
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re- 
served memory prior to the occurrence of interrupts. 


The requirements for supporting minimum and maxi- 
mum 80C88A systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Conseque~, 
the 80C88A is equipped 


with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88A defines pins 24 thr~h 
31 and 34 in 


maximum mode. When the MN/MX pin is strapped 
to Vcc, the 80C88A generates bus control signals 
itself on pins 24 through 31 and 34. 


The minimum mode 80C88A can be used with either 
a multiplexed or demultiplexed bus. The multiplexed 
bus configuration is compatible with the MCS<!>-85 


multiplexed bus peripherals (8155, 8156, 8355, 
8755A, and 8185). This configuration (See Figure 5) 
provides the user with a minimum chip count sys- 
tem. This architecture provides the 80C88A pro- 
cessing power in a highly integrated form. 


The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus bufferin~ 
required. 
(See Figure 6.) The 8OC88Aprovides DEN and DT/ 
R to control the transceiver, and ALE to latch the 
addresses. This configuration of the minimum mode 
provides the standard demultiplexed bus structure 
with heavy bus buffering and relaxed bus timing re- 
quirements. 


The maximum mode employs the 82C88 bus con- 
troller.:JSee Figur~.) 
The 82C88 decodes status 


lines SO,S1, and S2, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa- 
bility to the control lines, and frees the 80C88A pins 
for extended large system features. Hardware lock, 
queue status, and two request! grant interfaces are 
provided by the 80C88A in maximum mode. These 
features allow co-processors in local bus and re- 
mote bus configurations. 


inter 
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Bus Operation 


The 80C88A address/data bus is broken into three 
parts-the 
lower eight address/data bits (ADo-AD7), 
the middle eight address bits (A8-A 15), and the up- 
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi- 
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad- 
dress bits are not multiplexed, Le. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad- 
dress latch if a standard, non-multiplexed bus is de- 
sired for the system. 


Each processor bus cycle consists of at least four 
ClK cycles. These are referred to as T1, T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C88A driven bus cycles. 
These are referred to as "idle" states (Ti), or inac- 
tive ClK cycles. The processor uses these cycles 
for internal housekeeping. 
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During T1 of any bus cycle, the ALE (address latch 
enable) signal is emitted (by either the processor or 
the 82C88 bus controller, depending on the MN/MX 
strap). At the trailing edge of this pulse, a valid ad- 
dress and certain status information for the cycle 
may be latched. 


Status bits SO,51, and 52 are used by the bus con- 
troller, in maximum mode, to identify the type of bus 
transaction according to the following table: 


S2 
S1 
So 
CHARACTERISTICS 


o (LOW) 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
Read I/O 


0 
1 
0 
Write I/O 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Instruction Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


Status bits S3 through 56 are multiplexed with high 
order address bits and are therefore valid during T2 
through T4. 53 and S4 indicate which segment reg- 
ister was used for this bus cycle in forming the ad- 
dress according to the following table: 


S4 
S3 
CHARACTERISTICS 


o (LOW) 
0 
Alternate Data (extra segment) 


0 
1 
Stack 
1 (HIGH) 
0 
Code or None 


1 
1 
Data 


55 is a reflection of the PSW interrupt enable bit. 56 
is equal to O. 


In the 80C88A, I/O operations can address up to a 
maximum of 64k I/O registers. The I/O address ap- 
pears in the same format as the memory address on 
bus lines A15-AO. The address lines A19-A 16 are 
zero in I/O operations. The variable I/O instructions, 
which use register OXas a pointer, have full address 


capability, while the direct I/O instructions directly 
address one or two of the 256 I/O byte locations in 
page 0 of the I/O address space. I/O ports are ad- 
dressed in the same manner as memory locations. 


Designers familiar with the 8085 or upgrading an 
8085 design should note that the 8085 addresses 
I/O with an 8-bit address on both halves of the 16- 
bit address bus. The 80C88A uses a full 16-bit ad- 
dress on its lower 16 address lines. 


Processor initialization or start up is accomplished 
with activation 
(HIGH) of the RESET pin. The 


80C88A RESET is required to be HIGH for four or 
more clock cycles. The 80C88A will terminate oper- 
ations on the high-going edge of RESET and will 
remain dormant as long as RESET is HIGH. The 
low-going transition of RESET triggers an internal 
reset sequence for approximately 7 clock cycles. Af- 
ter this interval the 80C88A operates normally, be- 
ginning with the instruction in absolute location 
FFFFOH.(See Figure 4.) The RESET input is inter- 
nally synchronized to the processor clock. At initiali- 
zation, the HIGH to LOW transition of RESET must 
occur no sooner than 50 posafter power up, to allow 
complete initialization of the 80C88A. 


NMI asserted prior to the 2nd clock after the end of 
RESET will not be honored. If NMI is asserted after 
that point and during the internal reset sequence, 
the processor may execute one instruction before 
responding to the interrupt. A hold request active 
immediately after RESET will be honored before the 
first instruction fetch. 


All 3-state outputs float to 3-state OFF(1)during RE- 
SET. Status is active in the idle state for the first 
clock after RESET becomes active and then floats 
to 3-state OFF(1).ALE and HLDA are driven low. 


NOTE: 
1. See the section on Bus Hold Circuitry. 


BUS HOLD 
CIRCUITRY 


To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C88A pins 2-16, 26-32, and 
34-39 
(Figure 9a. 9b). These circuits will maintain 


the last valid logic state if no driving source is pres- 
ent (i.e. an unconnected pin or a driving sou~ce 
which goes to a high impedance state). To overdnve 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 /LA minimum sin~ or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" type element, the associated power supply 


current is negligible and power dissipation is signifi- 
cantly reduced when compared to the use of pas- 
sive pull-up resistors. 


INTERRUPT 
OPERATIONS 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type." An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 


The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 


be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


MASKABLE 
INTERRUPT 
(INTR) 


The 80C88A provides a single interrupt request input 
(INTR) which can be masked internally by software 
with the resetting of the interrupt enable (IF) flag bit. 
The interrupt request signal is level triggered. It is 
internally synchronized during each clock cycle on 
the high-going edge of CLK. To be responded to, 
INTR must be present (HIGH) during the clock peri- 
od preceding the end of the current instruction or the 
end of a whole move for a block type instruction. 
During interrupt response sequence, further inter- 
rupts are disabled. The enable bit is reset as part of 
the response to any interrupt (INTR, NMI, software 
interrupt, or single step), although the FLAGS regis- 
ter which is automatically pushed onto the stack re- 
flects the state of the processor prior to the inter- 
rupt. Until the old FLAGS register is restored, the 
enable bit will be zero unless specifically set by an 
instruction. 


During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88A emits 
the LOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC)which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem to latch the halt status. Halt status is available 
on 10/M, DT/A', and SSO. In maximum mode, the 
~cessor 
issues appropriate HALT status on 52, 
51, and SO, and the 82C88 bus controller issues one 
ALE. The 80C88A will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET will force the 80C88A out of the HALT 
state. 


READ/MODIFY/WRITE 
(SEMAPHORE) 
OPERATIONS 
VIA LOCK 


The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write 
opera- 
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycle of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 


As an alternative to interrupts, the 80C88A provides 
a single software-testable input pin (TEST). This in- 
put is utilized by executing a WAIT instruction. The 
single WAIT instruction is repeatedly executed until 
the TEST input goes active (LOW). The execution of 
WAIT does not consume bus cycles once the queue 
is full. 


If a local bus request occurs during WAIT execution, 
the 80C88A 3-states all output drivers. If interrupts 
are enabled, the 80C88A will recognize interrupts 
and process them. The WAIT instruction is then re- 
fetched, and reexecuted. 


In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing - 
Minimum System 


(See Figure 8.) 
The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the address/ 
data bus (ADO-AD?) at this time, into a latch. Ad- 
dress lines A8 through A15 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the 10/M signal indicates a 
memory or I/O operation. At T2 the address is re- 
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad- 
dressed device will again 3-state its bus drivers. If a 
transceiver is reCJ!:!iredto buffer the 80C88A local 
bus, signals DT/R and DEN are provided by the 
80C88A. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The 10/M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read, which is delayed 
somewhat into T2 to provide time for the bus to 
float. 


inter 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowl~e 
(INTA) signal is asserted in place of the 


read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(i.e. B2C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 


BUS TIMING 
- 
MEDIUM 
COMPLEXITY 


SYSTEMS 


(See Figure 11.) 
For medium complexity systems, the MN/MX pin is 
connected to GND and the B2CBBbus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the BOCBBAis capable of 
handling. Signals ALE, DEN, and DT/R" are generat- 
ed by the B2CBB instead of the processor in this 
configuration, although their timing remains relatively 
the same. The BOCBBAstatus outputs (52, 51, and 
SO) provide type of cycle information and become 
B2CBBinputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The B2CBBthus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The B2CBBprovides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the 
usual T and OE inputs from the 


B2CBB'sDT/R and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an B2C59A located on either the local bus or 
the system bus. If the master B2C59A priority inter- 
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master B2C59Aduring the interrupt 
acknowledge sequence and software "poll". 


The BOCBBACPU is an B-bit processor designed 
around the BOCB6internal structure. Most internal 
functions of the BOCBBAare identical to the equiva- 


lent BOCB6functions. The BOCBBAhandles the ex- 
ternal bus the same way the BOCB6does with the 
distinction of handling only B bits at a time. Sixteen- 
bit operands are fetched or written in two consecu- 
tive bus cycles. Both processors will appear identical 
to the software engineer, with the exception of exe- 
cution time. The internal register structure is identi- 
cal and all instructions have the same end result. 
The differences between the BOCBBAand BOCB6 
are outlined below. The engineer who is unfamiliar 
with the BOCB6is referred to the iAPX B6, BBUser's 
Manual, Chapters 2 and 4, for function description 
and instruction set information. Internally, there are 
three differences between the BOCBBAand the 
BOCB6.All changes are related to the B-bit bus inter- 
face. 


• The queue length is 4 bytes in the BOCBBA, 


whereas the BOCB6queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions B bits at a time. 


• To further optimize the queue, the prefetching al- 


gorithm was changed. The BOCBBABIU will fetch 
a new instruction to load into the queue each 
time there is a 1 byte hole (space available) in the 
queue. The BOCB6waits until a 2-byte space is 
available. 


• The internal execution time of the instruction set 


is affected by the B-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 


four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the BOCBBAare being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution unit will allow. 


The BOCBBAand BOCB6are completely software 
compatible by virture of their identical execution 
units. Software that is system dependent may not be 
completely transferable, but software that is not sys- 
tem dependent will operate equally as well on an 
BOCBBAor an BOCB6. 


The hardware interface of the BOCBBAcontains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 


• AB-A15 - 
These pins are only address outputs 


on the BOCBBA.These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the BOB5upper address 
lines. 
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• SHE has no meaning on the 80C88A and has 
been eliminated. 
• SSO provides the SO status information in the 
minimum mode. This out~t 
oc~rs 
on .E!!!.-34in 
minimum mode only. DTlA, 101M, and SSO pro- 
vide the complete bus status in minimum mode. 


• 101Mhas been inverted to be compatible with the 
MCS-85 bus structure. 
• ALE is delayed by one clock cycle in the mini- 
mum mode when entering HALT, to allow the 
status to be latched with ALE. 
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ALE 


82C88 
ROY 82C84A 


ROY 80C88 


82C88!M::: 


DEN 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Supply Voltage 
(With respect to ground) 
-0.5 
to 7.0V 


Input Voltage 
Applied 


(w.r.t. ground) 
-0.5 
to Vcc 
+ 0.5V 


Output 
Voltage 
Applied 
(w.r.t. ground) 
-0.5 
to Vcc 
+ 0.5V 


Power Dissipation 
1.0W 


Storage 
Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


8OC88A·2 


Symbol 
Parameter 
Units 
Test Conditions 


Mln 
Max 


VIL 
Input low 
Voltage 
-0.5 
+0.8 
V 


VIH 
Input High Voltage 
(All inputs 
2.0 
V 


except clock) 


VCH 
Clock High Voltage 
Vcc-0.8 
V 


VOL 
Output low 
Voltage 
0.45 
V 
IOL = 2.5mA 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5 
mA 


Vcc-0.4 
IOH = -100/LA 


Icc 
Power Supply Current 
10 mAlMHz 
VIL = GND, VIH = Vcc 


Iccs 
Standby Supply Current 
500 
/LA 
VIN = Vcc or GND 
Outputs 
Unloaded 


ClK 
= GND or Vcc 


III 
Input leakage 
Current 
±1.0 
/LA 
OV~VIN~VCC 


ISHL 
Input leakage 
Current 
50 
400 
/LA 
VIN = 0.8V 
(Bus Hold low) 


ISHH 
Input leakage 
Current 
-50 
-400 
/LA 
VIN = 3.0V 
(Bus Hold High) 


ISHLO 
Bus Hold low 
Overdrive 
600 
/LA 
(Note 2) 


ISHHO 
Bus Hold High Overdrive 
-600 
/LA 
(Note 3) 


ILO 
Output leakage 
Current 
±10 
/LA 
VOUT = GND or Vcc 


CIN 
Capacitance 
of Input Buffer 
5 
pF 
(Note 1) 
(All inputs except ADO-AD?, 
RQ/GT) 


CIO 
Capacitance 
of I/O Buffer 
20 
pF 
(Note 1) 
(ADo-AD?, 
RQ/GT) 


COUT 
Output Capacitance 
15 
pF 
(Note 1) 


NOTES: 
1. Characterization conditions are a) Frequency = 1 MHz, b) Unmeasured pins at GND 
c) VIN at +5.0V or GND. 
2. An external driver must source at least ISHLOto switch this node from LOW to HIGH. 
3. An external driver must sink at least ISHHOto switch this node from HIGH to LOW. 


Symbol 
Parameter 
80C88A-2 
Units 
Test 


Mln 
Max 
Conditions 


TCLCL 
CLK Cycle Period 
125 
D.C. 
ns 


TCLCH 
CLKLowTime 
68 
ns 


TCHCL 
CLK High Time 
44 
ns 


TCH1CH2 
CLK Rise Time 
10 
ns 
From 1.0V to 3.5V 


TCL2CL1 
CLKFaliTime 
10 
ns 
From 3.5V to 1.0V 


TDVCL 
Data in Setup Time 
20 
ns 


TCLDX 
Data in Hold Time 
10 
ns 


TR1VCL 
ROY Setup Time into 82C84A 
35 
ns 


(Notes 1, 2) . 


TCLR1X 
ROY Hold Time into 82C84A 
0 
ns 


(Notes 1, 2) 


TRYHCH 
READY Setup Time into 80C88A 
68 
ns 


TCHRYX 
READY Hold Time into 80C88A 
20 
ns 


TRYLCL 
READY Inactive to CLK (Note 3) 
-8 
ns 


THVCH 
HOLD Setup Time 
20 
ns 


TINVCH 
INTR, NMI, TEST Setup Time 
15 
ns 


(Note 2) 


TILIH 
Input Rise Time (Except CLK) 
15 
ns 
From 0.8V to 2.0V 
(Note 4) 


TIHIL 
Input Fall Time (Except CLK) 
15 
ns 
From 2.0V to 0.8V 
(Note 4) 


Symbol 
Parameter 
80C88A·2 
Units 
Test 


Mln 
Max 
Conditions 


TCLAV 
Address 
Valid Delay 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
50 
ns 


TLHLL 
ALE Width 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
50 
ns 


TCHLL 
ALE Inactive 
Delay 
55 
ns 


TLLAX 
Address 
Hold Time to ALE Inactive 
TCHCL-10 
ns 


TCLDV 
Data Valid Delay 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
ns 


TWHDX 
Data Hold Time After WR 
TCLCH-30 
ns 


TCVCTV 
Control Active Delay 1 
10 
70 
ns 


TCHCTV 
Control Active Delay 2 
10 
60 
ns 


TCVCTX 
Control 
Inactive 
Delay 
10 
70 
ns 


TAZRL 
Address 
Float to READ Active 
0 
ns 


TCLRL 
RD Active Delay 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
80 
ns 


TRHAV 
RD Inactive to Next Address 
Active 
TCLCL-40 
ns 


TCLHAV 
HLDA Valid Delay 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-40 
ns 


TAVAL 
Address 
Valid to ALE Low 
TCLCH-40 
ns 


TOLOH 
Output Rise Time (Note 4) 
15 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time (Note 4) 
15 
ns 
From 2.0V to 0.8V 


NOTES; 
1. Signal at 82C84A 
shown 
for reference 
only. See 82C84A 
data sheet for the most recent 
specifications. 


2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next CLK. 
3. Applies 
only to T2 state 
(8 ns into T3 state). 
4. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
BOCBBA 


A.C. TESTING INPUT,OUTPUTWAVEFORM 
A.C. TESTING LOAD CIRCUIT 


Input/Output 
U=X 
1.Y- 


0.45 
--------~~ 


240028-13 
A.C. Testing 
inputs 
are driven 
at 2.4 for a logic "1"' and 0.45 for a 


logic 
"0". 
Timing 
measurements 
are made 
at 1.5V 


---I 


READ CYCLE 


(NOTE 1) 
t'lIIl. 1IITl. 
YOM) 


inter 


FLOAT 


TCHCTV 


INTA 
CYCLE 


NOTES 
1,3 


CliD, WR.VOH) 


SOFTWARE HALT - 


liEN,Rli,WR,lNTA 
~ VOH 


DTili INDETERMINATE 


NOTES: 
1. All output 
timing 
measurements 
are made at 1,5V unless 
otherwise 
noted. 
2. RDY is sampled 
near the end of T2, T3, Tw ta determine 
if Tw machines 
states 
are ta be inserted. 


3, Twa 
INTA Cycles 
run back-ta-back, 
The 80C88A 
local ADDR/Data 
bus is floating 
during 
both 
INTA Cycles. 
Control 
signals 
are shown 
for the second 
INTA cycle. 
4. Signals 
at 82C84A 
are shown 
for reference 
only. 


inter 


MAX MODE SYSTEM 
(USING 
82C88 
BUS CONTROLLER) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
80C88A·2 
Units 
Test Conditions 


Mln 
Max 


TClCl 
ClK 
Cycle Period 
125 
D.C. 
ns 


TClCH 
ClK 
low Time 
68 
ns 


TCHCl 
ClK 
High Time 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
ns 
From 1.0V to 3.5V 


TCl2Cl1 
ClK 
Fall Time 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data In Setup Time 
20 
ns 


TClDX 
Data In Hold Time 
10 
ns 


TR1VCl 
RDY Setup Time into 82C84 
35 
ns 


(See Notes 1, 2) 


TClR1X 
RDY Hold Time into 82C84 
0 
ns 


(See Notes 1, 2) 


TRYHCH 
READY Setup Time into 80C88A 
68 
ns 


TCHRYX 
READY Hold Time into 80C8~A 
20 
ns 


TRYlCl 
READY Inactive to ClK 
-8 
ns 


(See Note 4) 


T1NVCH 
Setup Time for Recognition 
15 
ns 


(INTR, NMI, TEST) (See Note 2) 


TGVCH 
RQ/GT 
Setup Time 
15 
ns 


TCHGX 
RQ Hold Time into 80C88A 
30 
ns 


TILIH 
Input Rise Time (Except ClK) 
15 
ns 
From 0.8V to 2.0V 
(Note 5) 


TIHll 
Input Fall Time (Except ClK) 
15 
ns 
From 2.0V to 0.8V 
(Note 5) 


Symbol 
Parameter 
80C88A·2 
Units 
Test Conditions 


Mln 
Max 


TCLML 
Command 
Active Delay (Note 1) 
5 
35 
ns 


TCLMH 
Command 
Inactive Delay (Note 1) 
5 
35 
ns 


TRYHSH 
READY Active to Status Passive (Note 3) 
65 
ns 


TCHSV 
Status Active Delay 
10 
60 
ns 


TCLSH 
Status Inactive Delay 
10 
70 
ns 


TCLAV 
Address 
Valid Delay 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
. 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
50 
ns 


TSVLH 
Status Valid to ALE High (Note 1) 
20 
ns 


TSVMCH 
Status Valid to MCE High (Note 1) 
30 
ns 


TCLLH 
CLK Low to ALE Valid (Note 1) 
20 
ns 


TCLMCH 
CLK Low to MCE High (Note 1) 
25 
ns 


TCHLL 
ALE Inactive 
Delay (Note 1) 
4 
18 
ns 


TCLDV 
Data Valid Delay 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
ns 


TCVNV 
Control Active Delay (Note 1) 
5 
45 
ns 


TCVNX 
Control Inactive 
Delay (Note 1) 
10 
45 
ns 


TAZRL 
Address 
Float to Read Active 
0 
ns 


TCLRL 
RD Active Delay 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
80 
ns 


TRHAV 
RD Inactive to Next Address 
Active 
TCLCL-40 
ns 


TCHDTL 
Direction 
Control Active Delay (Note 1) 
50 
ns 


TCHDTH 
Direction 
Control 
Inactive 
Delay (Note 1) 
30 
ns 


TCLGL 
GT Active Delay 
0 
50 
ns 


TCLGH 
GT Inactive 
Delay 
0 
50 
ns 


TRLRH 
RDWidth 
2TCLCL-50 
ns 


TOLOH 
Output Rise Time (Note 5) 
15 
ns 
From 0.8V to 2.OV 


TOHOL 
Output Fall Time (Note 5) 
15 
ns 
From 2.OV to 0.8V 


NOTES: 
1. Signal 
at 82C84A 
or 82C88 
shown 
for reference 
only. See 82C84A 
and 82C88 
data sheets 
for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal 
only to guarantee 
recognition 
at next ClK. 
3. Applies 
only to T3 and wait states 
(8 ns into T3 state). 
4. Applies 
only to T2 state 
(8 ns into T3 state). 
5. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
80C88A 


A.C. TESTING INPUT,OUTPUTWAVEFORM 
A.C. TESTING LOADCIRCUIT 


Input/Output 
:=X_ 


1.1C 


240028-17 
A.C. Testing inputs are driven at 2.4V for a logic "I" 
and 0.45V 
for a logic "0". TIming measurements are made at 1.5V. 


inter 


S,. S,. So (EXCEPT 
HALT) 


WRITE 
CYCLE 


82C88 
OUTPUTS 
SEE 
NOTES 
5.6 


AMWC 


OR AIOWC 


MWTC 


OR IOWC 


A'5·A• 


(SEE NOTES 
3.4) 


MCEI 


PDEN 
TCLMCH 
DTiR 


r- 
L_ 
TCHDTH 


SOFTWARE 
HALT 
- 
(DEN = VOL; RD. MRDC. 
IORC.'MWTC. 
AMWC. 
iOWC. 
AiOWC.INTA.DTIR 
= VOH' 


AD,.ADo• 
A15·A. ---,-y- 
INVALID 
ADDRESS 
T~I= 
~ 
"I"--------\",----- 


NOTES: 
1. All output 
timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. ROY is sampled 
near the end of T2, T3, Tw to determine 
if Tw machines 
states 
are to be inserted. 
3. Cascade 
address 
is valid between 
first and second 
INTA cycles. 
4. Two INTA cycles 
run back·to·back. 
The 80C88A 
local ADDR/Data 
bus is floating 
during 
both INTA cycles. 
Control 
for 
pointer 
address 
is shown 
for second 
INTA cycle. 
5. Signals 
at 82C84A 
or 82C88 
are shown 
for reference 
only. 
. 
. 


6. The issuance 
of the 82C88 
command 
and control 
signals 
(MRDC, 
MWTC, 
AMWC, 
IORC, 
IOWC, AIOWC, 
INTA and 
DEN) lags the active 
high 82C88 
CEN. 
7. Status 
inactive 
in state just prior to T4. 


inter 


ClK\ 
f\ 


I 1L~~~ 
I·•..: 
: 


240028-21 


NOTE: Setup requirements for asynchronous signals 
only to guarantee recognition at next eLK. 


BUS LOCK SIGNAL 
TIMING 
(MAXIMUM 
MODE 
ONLY) 
.:it.. 
·_C_Y_C_LE_~ Q 
__ 
';~~ 


240028-22 


A,,IS••A,,IS. 
PREVIOUS 
A1S.As 
"I 
----------- 


AD 
AD 
IOCNA 


S;~ 
•.. 
, ---------- 


AD,LOCK 


COPROCESSOR 


(_note) 


~ 


_'ClKCYClE- 


ClK 
1~ 


HOLD~ 


Mnemonic and 
Description 


DATA TRANSFER 


MOV = Move: 


Register/Memory tolfrom Register 


Immediate to Register/Memory 


Immediate to Register 


Memory to Accumulator 


Accumulator to Memory 


Register/Memory to Segment Register" 


Segment Register to Register/Memory 


Register/Memory 


Register 


Segment Register 


POP = Pop: 


Register/ Memory 


Register 


Segment Register 


Register/Memory with Register 


Register with Accumulator 


IN = Input from: 


Fixed Port 


Variable Port 


OUT = Output to: 


Fixed Port 


Variable Port 


XLAT = Translate Byte to AL 


LEA = Load EA to Register 


LDS ~ Load Pointer to OS 


LES ~ Load Pointer to ES 


LAHF ~ Load AH with Flags 


SAHF = Store AH into Flags 


PUSHF = Push Flags 


POPF = Pop Flags 


1011 
wreg 


1010000w 


1010001w 


10001110 


10001100 


76543210 
76543210 


mod 
reg 
rIm 


modOOOr/m 
data 


data 
dataifwl 


add-low 
addr-high 


addr-Iow 
addr-high 


modO reg rIm 


modO reg rIm 


mod 11 Or/m 


01010reg 


000regll0 


01011 
reg 


OOOreglll 


1000011w 


10010reg 


1110010w 


1110110w 


1110011 
w 


1110111 
w 


11010111 


10001101 


11000101 


11000100 


10011111 


10011110 


10011100 


10011101 


mod reg r/m 


mod reg r/m 


mod reg r/m 


ARITHMETIC 


ADD = Add: 


Reg.lMemory with Register to Either 


Immediate to RegisterlMemory 


Immediate to Accumulator 


Reg.lMemory with Register to Either 


Immediate to RegisterIMemory 


Immediate to Accumulator 


INC 
~ 
Increment: 


RegisterlMemory 


Register 


AAA ~ ASCII Adjust for Add 


DAA = Decimal Adjust for Add 


SUB = Subtract: 


Reg.lMemory and Register to Either 


Immediate from RegisterlMemory 


Immediate from Accumulator 


SBB = Subtract 
with Borrow 


Reg.lMemory and Register to Either 


Immediate from RegisterlMemory 


Immediate from Accumulator 


DEC 
~ 
Decrement: 


RegisterlMemory 


Register 


NEG 
~ Change Sign 


CMP = Compare: 


RegisterlMemory and Register 


Immediate with RegisterlMemory 


Immediate with Accumulator 


AAS = ASCII Adjust for Subtract 


DAS = Decimal Adjust for Subtract 


MUL 
~ Multiply (Unsigned) 


IMUL = Integer Multiply (Signed) 


AAM ~ ASCII Adjust for MUltiply 


DIY 
~ Divide (Unsigned) 


IDlY = Integer Divide (Signed) 


AAD 
~ ASCII Adjust for Divide 


CBW = Convert Byte to Word 


CWO 
~ Convert Word to Double Word 


OOOOOOdw 


100000sw 


0000010w 


mod reg rim 


mod 0 00 rim 


000100dw 


100000sw 


0001010w 


mod reg rim 


mod 0 10 rim 


data 


1111111w 


01000reg 


00110111 


00100111 


001010dw 


100000sw 


0010110w 


mod reg rim 


mod 1 01 rim 


data 


000110dw 


100000sw 


0001110w 


mod reg rim 


modO 11 rim 


data 


1111111w 


01001 
reg 


1111011 
w 


001110dw 


100000sw 


0011110w 


00111111 


00101111 


1111011 
w 


1111011 
w 


11010100 


1111011 
w 


1111011 
w 


11010101 


10011000 


10011001 


mod reg rim 


mod111 
rim 


data 


mod 1 00 rim 


mod 1 01 rim 


mod 11 Or/m 


mod 111 rim 


data 


dataifw 
~ 1 


data 


dataifw 
= 1 


data 


dataifw 
= 1 


data 


dataifw = 1 


inter 
80C88A 


80C86A/80C88A 
INSTRUCTION 
SET SUMMARY 
(Continued) 


Mnemonic and 


I 
Instruction Code 
Description 


lOGIC 
76543210 
76543210 
76543210 
76543210 


NOT = Invert 
1111011 
w 
modO 1 Or/m 


SHLlSAl 
= Shift Logical/ Arithmetic Left 
110100vw 
mod 1 OOr/m 


SHR ~ Shift Logical Right 
110100vw 
mod 101 rIm 


SAR ~ Shift Arithmetic Right 
110100vw 
modlll 
rIm 


ROl = Rotate Left 
110100vw 
modOOOr/m 


ROR ~ Rotate Right 
110100vw 
modOO 1 rIm 


RCl = Rotate Through Carry Flag Left 
110100vw 
modOl0r/m 


RCR = Rotate Through Carry Right 
110100vw 
modO 11 rIm 


AND ~ And: 


Reg.lMemory and Register to Either 
001000dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 100 rIm 
data 
dataifw = 1 


Immediate to Accumulator 
0010010w 
data 
data ifw = 1 


TEST = And Function to Flags, No Result: 


Register/Memory and Register 
1000010w 
mod reg rIm 


Immediate Data and Register/Memory 
1111011 
w 
mod 00 0 rIm 
data 
dataifw 
~ 1 


Immediate Data and Accumulator 
1010100w 
data 
data ifw ~ 1 


OR = Or: 


Reg.lMemory and Register to Either 
000010dw 
mod regr/m 


Immediate to Register/Memory 
1000000w 
modOOl 
rIm 
data 
dataffw 
~ 1 


Immediate to Accumulator 
0000110w 
data 
dataifw 
~ 1 


XOR ~ Exclusive or: 


Reg.lMemory and Register to Either 
001100dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 11 Or/m 
data 
dataffw = 1 


Immediate to Accumulator 
0011010w 
data 
data ifw = 1 


STRING MANIPULATION 


REP = Repeat 
1111001 
z 


MOVS = Move Byte/Word 
1010010w 


CMPS ~ Compare Byte/Word 
1010011 
w 


SCAS ~ Scan Byte/Word 
1010111 
w 


lODS ~ Load Byte/Wd to AL/ AX 
1010110w 


STOS = Stor Byte/Wd from All A 
1010101w 


CONTROL TRANSFER 


CAll 
= Call: 


Direct Within Segment 
11101000 
disp-Iow 
disp-high 


Indirect Within Segment 
11111111 
modO 1 Or/m 


Direct Intersagment 
10011010 
offset-low 
offset-high 


seg-Iow 
sag-high 


Indirect Intersegment 
11111111 
modOll 
rIm 


Direct Within Segment 


Direct Within Segment-Short 


Indirect Within Segment 


Direct Intersegment 


RET = Return 
from 
CALL: 


Within Segment 


Within Seg Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ 
= Jump on Equal/Zero 


JLlJNGE 
~ Jump on Less/Not Greater 
or Equal 


JLE/JNG 
= Jump on Less or Equal! 
Not Greater 


JB/JNAE 
~ Jump on Below/Not Above 
or Equal 


JBE/JNA 
= Jump on Below or Equal/ 
Not Above 


JP/JPE 
= Jump on Parity/Parity Even 


JO = Jump on Overflow 


JS = Jump on Sign 


JNE/JNZ 
~ Jump on Not Equal/Not Zero 


JNLlJGE 
= Jump on Not Less/Greater 
or Equal 


JNLE/JG 
= Jump on Not Less or Equal/ 
Greater 


JNB/JAE 
~ Jump on Not Below/Above 
or Equal 


JNBE/JA 
= Jump on Not Below or 
Equal/ Above 


JNP/JPO 
= Jump on Not Par/Par Odd 


JNO = Jump on Not Overflow 


JNS = Jump on Not Sign 


LOOP 
~ 
Loop ex Times 


LOOPZ/LOOPE 
= Loop While Zero/Equal 


LooPNZ/LooPNE 
= Loop While Not 
Zero/Equal 


JCXZ = Jump on ex Zero 


INT = Interrupt 


Type Specified 


Type 3 


76543210 


11101001 


11101011 


11111111 


11101010 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


01111110 


01110010 


01111010 


,01110000 


01111000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 


01110001 


01111001 


11100010 


11100001 


11100000 


11100011 


disp-Iow 


disp 


mod 1 OOr/m 


offset-high 


sag-high 
seg-Iow 


mod 1 01 rIm 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 


INTO = Interrupt on Overflow 


IRET 
~ Interrupt Return 


11001100 


11001110 


11001111 


lfU\,;lftiA/lfU\,;lflfA 
'N~' 
HU\,; "UN 
~~, 
~UMMAHY 
(Continued) 


I 


CLC = Clear Carry 
11111000 


CMC = Complement Carry 
11110101 


STC = Set Carry 
11111001 


CLD = Clear Direction 
11111100 


STD = Set Direction 
11111101 


CLI = Clear Interrupt 
11111010 


STI = Set Interrupt 
11111011 


HLT ~ Halt 
11110100 


WAIT ~ Wait 
10011011 


ESC = Escape (to External Device) 
11011 
x xx 


LOCK = Bus Lock Prefix 
11110000 


NOTES: 
AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count 
register 
OS = Data segment 
ES = Extra segment 
Above/below 
refers 
to unsigned 
value. 
Greater 
= more positive; 
Less = less positive 
(more negative) 
signed 
values 


if d = 1 then 
"to" 
reg; if d = 0 then 
"from" 
reg 


if w = 1 then 
word 
instruction; 
if w = 0 then 
byte instruc- 


tion 
if mod = 11 then 
rIm 
is treated 
as a REG field 


if mod = 00 then 
OISP = 0', 
disp-Iow 
and disp-high 
are 


absent 
if 
mod 
= 
01 
then 
OISP 
= 
disp-Iow 
sign-extended 
to 


16 bits, disp-high 
is absent 
if mod = 10 then 
OISP = disp-high: 
disp-Iow 


if rIm = 000 then 
EA = (SX) + (SI) + OISP 


if rIm 
= 001 then 
EA = (SX) + (01) + OISP 


if rIm = 010 then 
EA = (SP) + (SI) + OISP 


if rIm = 011 then 
EA = (SP) + (01) + OISP 


if rIm 
= 100 then 
EA = (SI) + OISP 


if rIm = 101 then 
EA = (01) + OISP 


if rIm = 110 then 
EA = (SP) + OISP' 
if rIm 
= 111 then 
EA = (SX) + OISP 


OISP 
follows 
2nd 
byte 
of 
instruction 
(before 
data 
if re- 


quired) 
'except 
if mod = 00 and rIm 
= 
110 then 
EA = disp- 


high: disp-Iow. 
"MOV 
CS, REG/MEMORY 
not allowed. 


if s:w = 01 then 
16 bits of immediate 
data form 
the oper- 


and. 


if s:w = 11 then 
an immediate 
data 
byte is sign extended 


to form the 16-bit operand. 


if v = 0 then 
"count" 
= 
1; if v = 
1 then 
"count" 
in (CL) 


x = don't 
care 
z is used for string primitives 
for comparison 
with ZF FLAG. 


SEGMENT 
OVERRIDE 
PREFIX 
I 
001r89110 
I 


REG is assigned 
according 
to the following 
table: 


16·Bit (w = 1) 
8·Bit (w = 0) 
Segment 


000 
AX 
000 
AL 
00 
ES 


001 
CX 
001 
CL 
01 
CS 


010 
OX 
010 
OL 
10 
SS 


011 
BX 
011 
BL 
11 
OS 


100 
SP 
100 
AH 


101 
BP 
101 
CH 


110 
SI 
110 
OH 


111 
01 
111 
BH 


Instructions 
which 
reference 
the flag register 
file as a 16-bit 


object 
use the symbol 
FLAGS 
to represent 
the file: 


FLAGS 
= 
X:X:X:X:(OF):(OF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


Mnemonics 
@ Intel, 1978 


inter 
80C88AL 
8-BIT CHMOS MICROPROCESSOR 
• Pin-for-Pln and Functionally 
Compatible 
• Direct Addressing 
Capability of 1 
to Industry Standard HMOS 8088 
MByte of Memory 
• Direct Software Compatibility 
with 
• Architecture 
Designed for Powerful 
80C86AL, 8086, 8088 
Assembly Language and Efficient 
High 
• Fully Static Design with Frequency 
Level Languages 


Range from D.C. to: 
• 24 Operand Addressing 
Modes 
- 
5 MHz for 80C88AL 
• Byte, Word and Block Operations 
- 
8 MHz for 80C88AL-2 


Low Power Operation 
• 8 and 16-Bit Signed and Unsigned 
• 
Arithmetic 
-Operating 
Icc = 10 mA/MHz 
- 
Binary or Decimal 
- 
Standby IcCs = 750 p..Amax 
- 
Multiply and Divide 
• Bus-Hold Circuitry 
Eliminates Pull-Up 
• Available In 40-Lead Plastic DIP and 44- 
Resistors 
Lead PLCC Packages 


(See 
Packaging 
Spec., 
Order 
# 231369) 


The Intel 80C88AL is a high performance, CHMOS version of the industry standard HMOS 8088 8-bit CPU. 
The processor has attributes of both 8 and 16-bit microprocessors. It is available in 5 and 8 MHz clock rates. 
The 80C88AL offers two modes of operation: MINimum for small systems and MAXimum for larger applica- 
tions such as multi-processing. It is available in 40-pin DIP and 44-pin plastic leaded chip carrier (PLCC) 
package. 


240075-1 
Figure 1. 80C88AL CPU 
Functional Block Diagram 
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Figure 2b. 80C88AL 44-Lead 
PLCC Configuration 


240075-2 
Figure 2a. 80C88AL 
40-Lead 
DIP Configuration 


inter 


Table 1. Pin Description 


The following 
pin function 
descriptions 
are for 80C88AL 
systems 
in either minimum 
or maximum 
mode. 
The 


''local bus" 
in these descriptions 
is the direct multiplexed 
bus interface 
connection 
to the 80C88AL 
(without 
regard 
to additional 
bus buffers). 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


AD7-ADO 
9-16 
I/O 
ADDRESS DATA BUS: These lines constitute 
the time 


multiplexed 
memoryllO 
address 
(T1) and data (T2, T3, Tw, and 


T4) bus. These lines are active HIGH and float to 3-state OFF(11 
during interrupt 
acknowledge 
and local bus "hold acknowledge". 


A15-A8 
2-8,39 
0 
ADDRESS BUS: These lines provide address 
bits 8 through 
15 


for the entire bus cycle (T1- T4). These lines do not have to be 
latched by ALE to remain valid. A 15-A8 
are active HIGH and 


float to 3-state OFF(11 during interrupt 
acknowledge 
and local bus 
"hold acknowledge". 


A19/56, 
A18/55, 
35-38 
0 
ADDRESS/STATUS: During T1, these are the four most 
A17/54,A16/53 
significant 
address 
lines for memory operations. 
During I/O 


operations, 
these lines are LOW. During memory and I/O 


operations, 
status information 
is available 
on these lines during 


T2, T3, Tw, and T4. 56 is always low. The status of the interrupt 
enable flag bit (55) is updated 
at the beginning 
of each clock 


cycle. 54 and 53 are encoded 
as shown. 


This information 
indicates 
which segment 
register is presently 


being used for data accessing. 


These lines float to 3-state OFF(11 during local bus "hold 
acknowledge" 
. 


S4 
S3 
CHARACTERISTICS 


O(LOW) 
0 
Alternate 
Data 


0 
1 
5tack 


1(HIGH) 
0 
Code or None 


1 
1 
Data 


56 is O(LOW) 


RD 
32 
0 
READ: Read strobe indicates 
that the processor 
is performing 
a 


memory or I/O read cycle, depending 
on the state of the 10lM 


pin or 52. This signal is used to read devices which reside on the 
80C88AL 
local bus. RD is active LOW dUring T2, T3 and Twof 


any read cycle, and is guaranteed 
to remain HIGH in T2 until the 


80C88AL 
local bus has floated. 


This signal floats to 3-state OFF(11 in "hold acknowledge". 


READY 
22 
I 
READY: is the acknowledgement 
from the addressed 
memory 
or 


I/O device that it will complete 
the data transfer. 
The RDY signal 


from memory or I/O is synchronized 
by the 82C84A 
clock 


generator 
to form READY. This signal is active HIGH. The 


80C88AL 
READY input is not synchronized. 
Correct 
operation 
is 


not guaranteed 
if the set up and hold times are not met. 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


INTR 
18 
I 
INTERRUPT 
REQUEST: 
is a level triggered 
input which is sampled 


during the last clock cycle of each instruction 
to determine 
if the 


processor 
should enter into an interrupt 
acknowledge 
operation. 
A 


subroutine 
is vectored 
to via an interrupt 
vector lookup table 


located in system memory. 
It can be internally 
masked by software 


resetting 
the interrupt 
enable bit. INTR is internally 
synchronized. 


This signal is active HIGH. 


TEST 
23 
I 
TEST: input is examined 
by the "wait for test" 
instruction. 
If the 


TEST input is LOW, execution 
continues, 
otherwise 
the processor 


waits in an "idle" 
state. This input is synchronized 
internally 
during 


each clock cycle on the leading edge of CLK. 


NMI 
17 
I 
NON·MASKABLE 
INTERRUPT: 
is an edge triggered 
input which 


causes a type 2 interrupt. 
A subroutine 
is vectored 
to via an 


- 
interrupt vector lookup table located 
in system memory. 
NMI is not 


maskable 
internally 
by software. 
A transition 
from a LOW to HIGH 


initiates the interrupt 
at the end of the current instruction. 
This input 


is internally 
synchronized. 


RESET 
21 
I 
RESET: causes the processor 
to immediately 
terminate 
its present 


activity. The signal must be active HIGH for at least four clock 
cycles. It restarts execution, 
as described 
in the instruction 
set 


description, 
when RESET returns LOW. RESET is internally 


synchronized. 


CLK 
19 
I 
CLOCK: 
provides 
the basic timing for the processor 
and bus 


controller. 
It is asymmetric 
with a 33% duty cycle to provide 


optimized 
internal timing. 


Vcc 
40 
Vcc: is the + 5V ± 10% power supply pin. 


GND 
1,20 
GND: are the ground pins. Both must be connected. 


MN/MX 
33 
I 
MINIMUM/MAXIMUM: 
indicates 
what mode the processor 
is to 


operate 
in. The two modes are discussed 
in the following 
sections. 


The following 
pin function 
descriptions 
are for the 80C88AL 
minimum 
mode {i.e., MN/MX 
= VccJ. 
Only the 
pin functions 
which are unique to minimum 
mode are described; 
all other pin functions 
are as described 
above. 


101M 
28 
0 
STATUS 
LINE: is an inverted 
maximum 
mode S2. It is used to 


distinguish 
a memory access from an 1/0 access. 
101M becomes 


valid in the T4 preceding 
a bus cycle and remains valid until the final 


T4 of the cycle (1/0 = HIGH, M = LOW). 101M floats to 3-state 
OFF(1) in local bus "hold acknowledge". 


WR 
29 
0 
WRITE: 
strobe indicates 
that the processor 
is performing 
a write 


memory or write 1/0 cycle, depending 
on the state of the 101M 


signal. WR is active for T2, T3, and Tw of any write cycle. It is active 
LOW, and floats to 3-state OFF(1) in local bus "hold acknowledge". 


INTA 
24 
0 
INT A: is used as a read strobe for interrupt 
acknowledge 
cycles. It is 


active LOW during T2, T3, and Tw of each interrupt 
acknowledge 


cycle. 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


ALE 
25 
0 
ADDRESS 
LATCH ENABLE: is provided 
by the processor 
to latch 
the address into an address 
latch. It is a HIGH pulse active during 
clock low of T1 of any bus cycle. Note that ALE is never floated. 


DT/R 
27 
0 
DATA TRANSMIT/RECEIVE: 
is needed in a minimum 
system that 


desires to use a data bus transceiver. 
It is used to control 
the 


direction 
of data flow through the transceiver. 
Logict?lIy, DT/R is 


equivalent 
to S1 in the maximum 
mode, and its timing is the same 
- 
as for 10/M (T = HIGH, R = LOW). This signal floats to 3-state 
OFF(1) in local "hold acknowledge". 


DEN 
26 
0 
DATA ENABLE: is provided 
as an output enable for the transceiver 


in a minimum system which uses the transceiver. 
DEN is active 


LOW during each memory and I/O access, and for INTA cycles. For 
a read or INTA cycle, it is active from the middle of T2 until the 
middle of T4, while for a write cycle, it is active from the beginning 
of T2 until the middle of T4. DEN floats to 3-state OFF(1) during 
local bus "hold acknowledge". 


HOLD, HLDA 
30,31 
1,0 
HOLD: indicates 
that another 
master is requesting 
a local bus 
"hold". 
To be acknowledged, 
HOLD must be active HIGH. The 


processor 
receiving the "hold" 
request will issue HLDA (HIGH) as 


an acknowledgement, 
in the middle of a T4 or T1 clock cycle. 
Simultaneous 
with the issuance 
of HLDA the processor 
will float the 


local bus and control 
lines. After HOLD is detected 
as being LOW, 


the processor 
lowers HLDA, and when the processor 
needs to run 


another 
cycle, it will again drive the local bus and control 
lines. 


Hold is not an asynchronous 
input. External synchronization 
should 


be provided 
if the system cannot otherwise 
guarantee 
the set up 


time. 


SSO 
34 
0 
STATUS 
LINE: is logically equivalent 
to SO in the maximum 
mode. 


The combination 
of 880, 10/Mand DT/R allows the system to 


completely 
decode 
the current bus cycle status. 


IO/M 
DT/R 
SSO 
CHARACTERISTICS 


1(HIGH) 
0 
0 
Interrupt 
Acknowledge 


1 
0 
1 
Read I/O port 


1 
1 
0 
Write I/O port 
.. 


1 
1 
1 
Halt 
O(LOW) 
0 
0 
Code access 
. 
0 
0 
1 
Read memory 
, 


0 
1 
0 
Write memory 


0 
1 
1 
Passive 


inter 


Table 
1. Pin Description 
(Continued) 
The following pin function descriptions are for the 80C88AU82C88 
system in maximum mode (i.e., 
MN/MX 
= GND.) Only the pin functions which are unique to maximum mode are described; all other pin 
functions are as described above. 


Symbol 
P-DIP Conflg. 
Type 
Name and Function 
Pin No. 


52, 51, SO 
26-28 
0 
STATUS: 
is active during clock high of T4, T1, and T2, and is 
returned 
to the passive state (1,1,1) during T3 or during Tw when 
READY is HIGH. This status is used by the 82C88 bus controller 
to 


generate 
all memory and 1/0 access control 
signals. Any change 
by 
52, 51, or SO during T4 is used to indicate the beginning 
of a bus 
cycle, and the return to the passive state in T3 or Tw is used to 
indicate the end of a bus cycle. 


These signals float to 3-state OFF(ll 
during "hold 
acknowledge". 


During the first clock cycle after RESET becomes 
active, these 
signals are active HIGH. After this first clock, they float to 3-state 
OFF. 


S2 
S1 
SO 
CHARACTERISTICS 


O(LOW) 
0 
0 
Interrupt Acknowledge 
0 
0 
1 
Read 110 port 
0 
1 
0 
Write 110 port 
0 
1 
1 
Halt 
1(HIGH) 
0 
0 
Code access 


I 
1 
0 
1 
Read memory 


I 
1 
1 
0 
Write memory 
1 
1 
1 
Passive 


RQ/GTO, 
30,31 
I/O 
REQUEST/GRANT: 
pins are used by other local bus masters to 
RQ/GT1 
force the processor 
to release the local bus at the end of the 
processor's 
current bus cycle. Each pin is bidirectional 
with RQ/ 


GTO having higher priority than RQ/GT1. 
RQ/GT 
has an internal 


pull-up resistor, so may be left unconnected. 
The request/grant 


sequence 
is as follows 
(see timing diagram): 


1. A pulse of one CLK wide from another 
local bus master indicates 


a local bus request 
("hold") 
to the 80C88AL 
(pulse 1). 


2. During aT 4 or T1 clock cycle, a pulse one clock wide from the 
80C88AL 
to the requesting 
master (pulse 2), indicates 
that the 
80C88AL 
has allowed the local bus to float and that it will enter the 


"hold acknowledge" 
state at the next CLK. The CPU's bus interface 


unit is disconnected 
logically from the local bus during "hold 
acknowledge". 
The same rules as for HOLD/HOLDA 
apply as for 


when the bus is released. 


3. A pulse one CLK wide from the requesting 
master indicates 
to 


the 80C88AL 
(pulse 3) that the "hold" 
request is about to end and 


that the 80C88AL 
can reclaim the local bus at the next CLK. The 


CPU then enters T4. 


Symbol 
P-OIP Conflg. 
Type 
Name and Function 
Pin No. 


RO/GTO, 
30,31 
I/O 
Each master-master 
exchange 
of the local bus is a sequence 
of 


RO/GT1 
three pulses. There must be one idle CLK cycle after each bus 
exchange. 
Pulses are active LOW. 


If the request is made while the CPU is performing 
a memory cycle, 


it will release the local bus during T4 of the cycle when all the 
following 
conditions 
are met: 


1. Request 
occurs on or before T2. 


2. Current cycle is not the low bit of a word. 
3. Current cycle is not the first acknowledge 
of an interrupt 


acknowledge 
sequence. 
4. A locked instruction 
is not currently 
executing. 


If the local bus is idle when the request is made the two possible 
events will follow: 


1. Local bus will be released during the next clock. 
2. A memory cycle will start within 3 clocks. 
Now the four rules for a 


currently 
active memory cycle apply with condition 
number 
1 


already satisfied. 


LOCK 
29 
a 
LOCK: indicates 
that other system bus masters are not to gain 


control 
of the system bus while LOCK is active (LOW). The LOCK 


signal is activated 
by the "LOCK" 
prefix instruction 
and remains 


active until the completion 
of the next instruction. 
This signal is 


active LOW, and floats to 3-state OFF(1) in "hold 
acknowledge". 


OS1,OSO 
24,25 
a 
QUEUE STATUS: 
provide status to allow external tracking 
of the 


internal 80C88AL 
instruction 
queue. 


The queue status is valid during the CLK cycle after which the 
queue operation 
is performed. 


QS1 
QSO 
CHARACTERISTICS 


O(LOW) 
0 
No operation 


0 
1 
First byte of opcode 
from queue 


1(HIGH) 
0 
Empty the queue 


1 
1 
Subsequent 
byte from queue 
- 
34 
a 
Pin 34 is always high in the maximum 
mode. 


NOTE: 
1. See the section 
on Bus Hold Circuitry. 


inter 


STATIC 
OPERATION 


All 80C88AL circuitry is of static design. Internal reg- 
isters counters and latches are static and require no 
refre;h as with dynamic circuit design. This elimi- 
nates the minimum operating frequency restriction 
placed 
on 
other 
microprocessors. 
The 
CMOS 
80C88AL can operate from DC to the appropriate 
upper frequency limit. The processor clock may ~e 
stopped in either state (high/low) and held there in- 
definitely. This type of operation is especially useful 
for system debug or power critical applications. 


The 80C88AL can be single stepped using only the 
CPU clock. This state can be maintained as long as 
is necessary. Single step clock operation allows sim- 
ple interface circuitry to provide critical information 
for bringing up your system. 


Static design also allows very low frequency opera- 
tion. In a power critical situation, this can provide 
extremely low power operation since 80C88AL pow- 
er dissipation is directly related to operating frequen- 
cy. As the system frequency is reduced, so is the 
operating power until ultimately, at a DC input fre- 
quency, the 80C88AL power requirement is the 
standby current. 


T 
64 KB 
} CODE 
SEGMENT 


XXXXOH 


} 
STACK 
SEGMENT 


WORD 
{ 
~:: 
} 
OAT A SEGMENT 


BYTE 


} 
EXTRA 
DATA 
SEGMENT 


MEMORY 
ORGANIZATION 


The processor provides a 20-bit address to memory 
which locates the byte being referenced. The memo- 
ry is organized as a linear array of up to 1 million 
bytes, addressed as OOOOO(H)to FFFFF(H). The 
memory is logically divided into code, data, extra 
data, and stack segments of up to 64K bytes e~ch, 
with each segment falling on 16-byte boundaries. 
(See Figure 3.) 


All memory references are made relative to ba~e ad- 
dresses contained in high speed segment registers. 
The segment types were chosen based on the. ad- 
dressing needs of programs. The segment re.glster 
to be selected is automatically chosen according to 
the rules of the following table. All information in one 
segment type share the same logical attributes (e.g. 
code or data). By structuring memory into relocat- 
able areas of similar characteristics and by automati- 
cally selecting segment registers, programs are 
shorter, faster, and more structured. 


Word (16-bit) operands can be located on even or 
odd address boundaries. For address and data oper- 
ands, the least significant byte of the word is stored 
in the lower valued address location and the most 
significant byte in the next higher address locati~n. 
The BIU will automatically execute two fetch or write 
cycles for 16-bit operands. 


Certain locations in memory are reserved for specific 
CPU operations. (See Figure 4.) Locations from ad- 
dresses FFFFOHthrough FFFFFH are reserved for 
operations including a jump to the initial system 


REseT 
BOOTSTRAP 
PROORAM 
JUMP 
••· 
INTERRUPT 
POINTER 
FOR TYPE 255··• 


INTERRUPT 
POINTER 
FOR TYPE 1 


INTERRUPT 
POINTER 
FOR TYPE 
0 


4H 
3H 


OH 
240075-5 


inter 


Memory 
Segment 
Register 
Segment 
Reference 
Need 
Used 
Selection 
Rule 


Instructions 
CODE (CS) 
Automatic with all instruction prefetch. 


Stack 
STACK (SS) 
All stack pushes and pops. Memory references relative to BP 
base register except data references. 


Local Data 
DATA (DS) 
Data references when: relative to stack, destination of string 
operation, or explicitly overridden. 


External (Global) Data 
EXTRA (ES) 
Destination of string operations: Explicitly selected using a 
segment override. 


initialization routine. Following RESET, the CPU will 
always begin execution at location FFFFOH where 
the 
jump 
must 
be 
located. 
Locations 
OOOOOH 
through 003FFH are reserved for interrupt opera- 
tions. Four-byte pointers consisting of a 16-bit seg- 
ment address and a 16·bit offset address direct pro- 
gram flow to one of the 256 possible interrupt serv- 
ice routines. The pointer elements are assumed to 
have been stored at their respective places in re- 
served memory prior to the occurrence of interrupts. 


The requirements for supporting minimum and maxi· 
mum 80C88AL systems are sufficiently different that 
they cannot be done efficiently with 40 uniquely de- 
fined pins. Conseque~, 
the 80C88AL is equipped 
with a strap pin (MN/MX) which defines the system 
configuration. The definition of a certain subset of 
the pins changes, dependent on the condition of the 
strap pin. When the MN/MX pin is strapped to GND, 
the 80C88AL defines pins 24 th~h 
31 and 34 in 
maximum mode. When the MN/MX pin is strapped 
to Vcc, the 80C88AL generates bus control signals 
itself on pins 24 through 31 and 34. 


The minimum mode 80C88AL can be used with ei- 
ther a multiplexed or demultiplexed bus. The multi- 
plexed bus configuration is compatible with the 


MCS@-85multiplexed bus peripherals (8155, 8156, 
8355, 8755A, and 8185). This configuration (See 
Figure 5) provides the user with a minimum chip 
count 
system. 
This 
architecture 
provides 
the 
80C88AL processing power in a highly integrated 
form. 


The demultiplexed mode requires one latch (for 64k 
addressability) or two latches (for a full megabyte of 
addressing). A third latch can be used for buffering if 
the address bus loading requires it. A transceiver 
can also be used if data bus buffering is~uired. 
(See Figure 6.) The 80C88AL provides DEN and 
DT/R" to control the transceiver, and ALE to latch 
the addresses. This configuration of the minimum 
mode provides the standard demultiplexed 
bus 
structure with heavy bus buffering and relaxed bus 
timing requirements. 


The maximum mode employs the 82C88 bus con- 
troller. (See Figure 7.) The 82C88 decodes status 
lines SO,51, and 52, and provides the system with 
all bus control signals. Moving the bus control to the 
82C88 provides better source and sink current capa- 
bility to the control lines, and frees the 80C88AL 
pins for extended large system features. Hardware 
lock, queue status, and two request! grant interfaces 
are provided by the 80C88AL in maximum mode. 
These features allow co-processors in local bus and 
remote bus configurations. 


inter 
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The 80C88Al address/data bus is broken into three 
parts-the 
lower eight address/data bits (ADo-AD7), 
the middle eight address bits (A8-A 15), and the up- 
per four address bits (A16-A19). The address/data 
bits and the highest four address bits are time multi- 
plexed. This technique provides the most efficient 
use of pins on the processor. The middle eight ad- 
dress bits are not multiplexed, i.e. they remain valid 
throughout each bus cycle. In addition, the bus can 
be demultiplexed at the processor with a single ad- 
dress latch if a standard, non-multiplexed bus is de- 
sired for the system. 


ClK cycles. These are"referredto as T1, T2, T3, and 
T4. (See Figure 8). The address is emitted from the 
processor during T1 and data transfer occurs on the 
bus during T3 and T4. T2 is used primarily for chang- 
ing the direction of the bus during read operations. In 
the event that a "NOT READY" indication is given 
by the addressed device, "wait" states (Tw) are in- 
serted between T3 and T4. Each inserted "wait" 
state is of the same duration as a ClK cycle. Periods 
can occur between 80C88Al 
driven bus cycles. 


These are referred to as "idle" states (Ti), or inac- 
tive ClK cycles. The processor uses these cycles 
for internal housekeeping. 
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During T1 of any bus cycle, the ALE (address 
latch 


enable) 
signal is emitted 
(by either the processor 
or 


the 82C88 bus controller, 
depending 
on the MN/MX 


strap). 
At the trailing 
edge of this pulse, a valid ad- 


dress 
and 
certain 
status 
information 
for the 
cycle 


may be latched. 


Status bits SO, S1, and S2 are used by the bus con- 
troller, 
in maximum 
mode, to identify the type of bus 


transaction 
according 
to the following 
table: 


52 
51 
So 
CHARACTERISTICS 


o (LOW) 
0 
0 
Interrupt 
Acknowledge 


0 
0 
1 
Read I/O 


0 
1 
0 
Write I/O 


0 
1 
1 
Halt 


1 (HIGH) 
0 
0 
Instruction 
Fetch 


1 
0 
1 
Read Data from Memory 


1 
1 
0 
Write Data to Memory 


1 
1 
1 
Passive (no bus cycle) 


Status 
bits S3 through 
S6 are multiplexed 
with high 


order address 
bits and are therefore 
valid during T2 


through 
T4. S3 and S4 indicate 
which segment 
reg- 
ister was used for this bus cycle 
in forming 
the ad- 


dress according 
to the following 
table: 


54 
53 
CHARACTERISTICS 


o (LOW) 
0 
Alternate 
Data (extra segment) 
0 
1 
Stack 
1 (HIGH) 
0 
Code or None 


1 
1 
Data 


55 is a reflection 
of the PSW interrupt 
enable 
bit. S6 


is equal to O. 


In the 80C88AL, 
I/O operations 
can address 
up to a 


maximum 
of 64k I/O registers. 
The I/O address 
ap- 


pears in the same format 
as the memory address 
on 


bus lines A 15-AO. 
The address 
lines A 19-A 16 are 


zero in I/O operations. 
The variable 
I/O instructions, 
which use register 
OX as a pointer, 
have full address 


capability, 
while 
the direct 
I/O 
instructions 
directly 


address 
one or two of the 256 I/O byte locations 
in 


page 0 of the I/O address 
space. 
I/O ports are ad- 


dressed 
in the same manner 
as memory 
locations. 


Designers 
familiar 
with 
the 
8085 
or upgrading 
an 


8085 
design 
should 
note that the 8085 
addresses 


I/O with an 8-bit address 
on both halves 
of the 16- 


bit address 
bus. The 80C88AL 
uses a full 16-bit ad- 


dress on its lower 16 address 
lines. 


Processor 
initialization 
or start 
up is accomplished 


with 
activation 
(HIGH) 
of 
the 
RESET 
pin. 
The 


80C88AL 
RESET is required 
to be HIGH for four or 


more clock 
cycles. 
The 80C88AL 
will terminate 
op- 


erations 
on the high-going 
edge of RESET 
and will 


remain 
dormant 
as long 
as RESET 
is HIGH. 
The 


low-going 
transition 
of RESET 
triggers 
an internal 


reset sequence 
for approximately 
7 clock cycles. Af- 


ter this interval 
the 80C88AL 
operates 
normally, 
be- 


ginning 
with 
the 
instruction 
in 
absolute 
location 


FFFFOH. (See Figure 4.) The RESET 
input is inter- 


nally synchronized 
to the processor 
clock. At initiali- 


zation, the HIGH to LOW transition 
of RESET 
must 


occur no sooner than 50 /Ls after power up, to allow 
complete 
initialization 
of the 80C88AL. 


NMI asserted 
prior to the 2nd clock after the end of 


RESET will not be honored. 
If NMI is asserted 
after 


that 
point 
and 
during 
the 
internal 
reset 
sequence, 


the 
processor 
may execute 
one 
instruction 
before 
responding 
to the 
interrupt. 
A hold 
request 
active 


immediately 
after RESET will be honored 
before the 


first instruction 
fetch. 


All 3-state 
outputs float to 3-state OFF(1) during RE- 


SET. Status 
is active 
in the 
idle state 
for the first 


clock 
after 
RESET 
becomes 
active 
and then floats 


to 3-state 
OFF(1). ALE and HLDA are driven 
low. 


NOTE: 
1. See the section 
on Bus Hold Circuitry. 


inter 


BUS HOLD CIRCUITRY 


To avoid high current conditions caused by floating 
inputs to CMOS devices and to eliminate the need 
for pull-up/down resistors, "bus-hold" circuitry has 
been used on the 80C88AL pins 2-16, 26-32, and 
34-39 
(Figure 9a, 9b). These circuits will maintain 


the last valid logic state if no driving source is pres- 
ent (I.e. an unconnected pin or a driving sou~ce 
which goes to a high impedance state)..To overdrive 
the "bus hold" circuits, an external driver must be 
capable of supplying 350 IJoAminimum sin~ or 
source current at valid input voltage levels. Since 
this "bus hold" circuitry is active and not a "resis- 
tive" 
type element, the associated power supply 


current is negligible and power dissipation is signifi- 
cantly reduced when compared to the use of pas- 
sive pull-up resistors. 


INTERRUp10PERATIONS 


Interrupt operations fall into two classes: software or 
hardware initiated. The software initiated interrupts 
and software aspects of hardware interrupts are 
specified in the instruction set description in the 
iAPX 88 book or the iAPX 86,88 User's Manual. 
Hardware interrupts can be classified as nonmaska- 
ble or maskable. 


inter 


Interrupts result in a transfer of control to a new pro- 
gram location. A 256 element table containing ad- 
dress pointers to the interrupt service program loca- 
tions resides in absolute locations 0 through 3FFH 
(See Figure 4), which are reserved for this purpose. 
Each element in the table is 4 bytes in size and cor- 
responds to an interrupt "type." An interrupting de- 
vice supplies an 8-bit type number, during the inter- 
rupt acknowledge sequence, which is used to vector 
through the appropriate element to the new interrupt 
service program location. 


The processor provides a single non-maskable inter- 
rupt (NMI) pin which has higher priority than the 
maskable interrupt request (INTR) pin. A typical use 
would be to activate a power failure routine. The 
NMI is edge-triggered on a LOW to HIGH transition. 
The activation of this pin causes a type 2 interrupt. 


NMI is required to have a duration in the HIGH state 
of greater than two clock cycles, but is not required 
to be synchronized to the clock. Any higher going 
transition of NMI is latched on-chip and will be serv- 
iced at the end of the current instruction or between 
whole moves (2 bytes in the case of word moves) of 
a block type instruction. Worst case response to 
NMI would be for multiply, divide, and variable shift 
instructions. There is no specification on the occur- 
rence of the low-going edge; it may occur before, 
during, or after the servicing of NMI. Another high- 
going edge triggers another response if it occurs af- 
ter the start of the NMI procedure. The signal must 


be free of logical spikes in general and be free of 
bounces on the low-going edge to avoid triggering 
extraneous responses. 


The 80C88AL provides a single interrupt request in- 
put (INTR) which can be masked internally by soft- 
ware with the resetting of the interrupt enable (IF) 
flag bit. The interrupt request signal is level trig- 
gered. It is internally synchronized during each clock 
cycle on the high-going edge of CLK. To be re- 
sponded to, INTR must be present (HIGH) during 
the clock period preceding the end of the current 
instruction or the end of a whole move for a block 
type 
instruction. 
During 
interrupt 
response 
se- 


quence, further interrupts are disabled. The enable 
bit is reset as part of the response to any interrupt 
(INTR, NMI, software interrupt, or single step), al- 
though the FLAGS register which is automatically 
pushed onto the stack reflects the state of the proc- 
essor prior to the interrupt. Until the old FLAGS reg- 
ister is restored, the enable bit will be zero unless 
specifically set by an instruction. 


During the response sequence (See Figure 10), the 
processor executes two successive (back to back) 
interrupt acknowledge cycles. The 80C88AL emits 
the LOCK signal (maximum mode only) from T2 of 
the first bus cycle until T2 of the second. A local bus 
"hold" request will not be honored until the end of 
the second bus cycle. In the second bus cycle, a 
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byte is fetched from the external interrupt system 
(e.g., 82C59A PIC) which identifies the source (type) 
of the interrupt. This byte is multiplied by four and 
used as a pointer into the interrupt vector lookup 
table. An INTR signal left HIGH will be continually 
responded to within the limitations of the enable bit 
and sample period. The interrupt return instruction 
includes a flags pop which returns the status of the 
original interrupt enable bit when it restores the 
flags. 


When a software HALT instruction is executed, the 
processor indicates that it is entering the HALT state 
in one of two ways, depending upon which mode is 
strapped. In minimum mode, the processor issues 
ALE, delayed by one clock cycle, to allow the sys- 
tem to latch the halt status. Halt status is available 
on 10/M, DT/A", and SSO. In maximum mode, the 
E!:9cess2!:...issues appropriate HALT status on 52, 
51, and SO,and the 82C88 bus controller issues one 
ALE. The 80C88AL will not leave the HALT state 
when a local bus hold is entered while in HALT. In 
this case, the processor reissues the HALT indicator 
at the end of the local bus hold. An interrupt request 
or RESET will force the 80C88AL out of the HALT 
state. 


READ/MODIFY/WRITE 
(SEMAPHORE) 


OPERATIONS 
VIA LOCK 


The LOCK status information is provided by the 
processor when consecutive bus cycles are required 
during the execution of an instruction. This allows 
the processor to perform read/modify/write 
opera- 
tions on memory (via the "exchange register with 
memory" instruction), without another system bus 
master receiving intervening memory cycles. This is 
useful in multiprocessor system configurations to ac- 
complish "test and set lock" operations. The LOCK 
signal is activated (LOW) in the clock cycle following 
decoding of the LOCK prefix instruction. It is deacti- 
vated at the end of the last bus cycle of the instruc- 
tion following the LOCK prefix. While LOCK is active, 
a request on a RQ/GT pin will be recorded, and then 
honored at the end of the LOCK. 


As an alternative to interrupts, the 80C88AL pro- 
vides a single software-testable input pin (TEST). 
This input is utilized by executing a WAIT instruction. 
The single WAIT instruction is repeatedly executed 
until the TEST input goes active (LOW). The execu- 
tion of WAIT does not consume bus cycles once the 
queue is full. 


If a local bus request occurs during WAIT execution, 
the 80C88AL 3-states all output drivers. If interrupts 
are enabled, the 80C88AL will recognize interrupts 
and process them. The WAIT instruction is then re- 
fetched, and reexecuted. 


In minimum mode, the MN/MX pin is strapped to 
Vcc and the processor emits bus control signals 
compatible with the 8085 bus structure. In maximum 
mode, the MN/MX pin is strapped to GND and the 
processor emits coded status information which the 
82C88 bus controller uses to generate MULTIBUS 
compatible bus control signals. 


System Timing - 
Minimum System 


(See Figure 8.) 
The read cycle begins in T1 with the assertion of the 
address latch enable (ALE) signal. The trailing (low 
going) edge of this signal is used to latch the ad- 
dress information, which is valid on the address/ 
data bus (ADO-AD?) at this time, into a latch. Ad- 
dress lines A8 through A15 do not need to be 
latched because they remain valid throughout the 
bus cycle. From T1 to T4 the 10/M signal indicates a 
memory or I/O operation. At T2 the address is re- 
moved from the address/data bus and the bus goes 
to a high impedance state. The read control signal is 
also asserted at T2. The read (RD) signal causes the 
addressed device to enable its data bus drivers to 
the local bus. Some time later, valid data will be 
available on the bus and the addressed device will 
drive the READY line HIGH. When the processor 
returns the read signal to a HIGH level, the ad- 
dressed device will again 3-state its bus drivers. If a 
transceiver is required to buffer the 80C88AL local 
bus, signals DT/R and DEN are provided by the 
80C88AL. 


A write cycle also begins with the assertion of ALE 
and the emission of the address. The 10/M signal is 
again asserted to indicate a memory or I/O write 
operation. In T2, immediately following the address 
emission, the processor emits the data to be written 
into the addressed location. This data remains valid 
until at least the middle of T4. During T2, T3, and 
Tw, the processor asserts the write control signal. 
The write (WR) signal becomes active at the begin- 
ning of T2, as opposed to the read. which is delayed 
somewhat into T2 to provide time for the bus to 
float. 


The basic difference between the interrupt acknowl- 
edge cycle and a read cycle is that the interrupt ac- 
knowl~e 
(INTA) signal is asserted in place of the 


read (RD) signal and the address bus is floated. 
(See Figure 10.) In the second of two successive 
INTA cycles, a byte of information is read from the 
data bus, as supplied by the interrupt system logic 
(Le. 82C59A priority interrupt controller). This byte 
identifies the source (type) of the interrupt. It is multi- 
plied by four and used as a pointer into the interrupt 
vector lookup table, as described earlier. 


BUS TIMING 
- 
MEDIUM 
COMPLEXITY 


SYSTEMS 


(See Figure 11.) 
For medium complexity systems, the MN/MX pin is 
connected to GND and the 82C88 bus controller is 
added to the system, as well as a latch for latching 
the system address, and a transceiver to allow for 
bus loading greater than the 80C88AL is capable of 
handling. Signals ALE, DEN, and DT/R" are generat- 
ed by the 82C88 instead of the processor in this 
configuration, although their timing remains relatively 
the same. The 80C88AL status outputs (52, 51, and 
SO) provide type of cycle information and become 
82C88 inputs. This bus cycle information specifies 
read (code, data, or I/O), write (data or I/O), inter- 
rupt acknowledge, or software halt. The 82C88 thus 
issues control signals specifying memory read or 
write, I/O read or write, or interrupt acknowledge. 
The 82C88 provides two types of write strobes, nor- 
mal and advanced, to be applied as required. The 
normal write strobes have data valid at the leading 
edge of write. The advanced write strobes have the 
same timing as read strobes, and hence, data is not 
valid at the leading edge of write. The transceiver 
receives the 
usual T and OE inputs from the 


82C88's DT/R" and DEN outputs. 


The pointer into the interrupt vector table, which is 
passed during the second INTA cycle, can derive 
from an 82C59A located on either the local bus or 
the system bus. If the master 82C59A priority inter- 
rupt controller is positioned on the local bus, a TTL 
gate is required to disable the transceiver when 
reading from the master 82C59A during the interrupt 
acknOWledgesequence and software "poll". 


THE 80C88AL 
COMPARED 
TO THE 80C86AL 


The 80C88AL CPU is an 8·bit processor designed 
around the 80C86AL internal structure. Most internal 
functions of the 80C88AL are identical to the equiva- 


lent 80C86AL functions. The 80C88AL handles the 
external bus the same way the 80C86AL does with 
the distinction of handling only 8 bits at a time. Six- 
teen-bit operands are fetched or written in two con- 
secutive bus cycles. Both processors will appear 
identical to the software engineer, with the excep- 
tion of execution time. The internal register structure 
is identical and all instructions have the same end 
result. The differences between the 80C88AL and 
80C86AL are outlined below. The engineer who is 
unfamiliar with the 80C86AL is referred to the 
iAPX 86, 88 User's Manual, Chapters 2 and 4, for 
function description and instruction set information. 
Internally, there are three differences between the 
80C88AL and the 80C86AL. All changes are related 
to the 8-bit bus interface. 


• The queue length is 4 bytes in the 80C88AL, 


whereas the 80C86AL queue contains 6 bytes, or 
three words. The queue was shortened to pre- 
vent overuse of the bus by the BIU when pre- 
fetching instructions. This was required because 
of the additional time necessary to fetch instruc- 
tions 8 bits at a time. 
• To further optimize the queue, the prefetching al- 


gorithm was changed. The 80C88AL BIU will 
fetch a new instruction to load into the queue 
each time there is a 1 byte hole (space available) 
in the queue. The 80C86AL waits until a 2-byte 
space is available. 


• The internal execution time of the instruction set 


is affected by the 8-bit interface. All 16-bit fetches 
and writes from/to 
memory take an additional 


four clock cycles. The CPU is also limited by the 
speed of instruction fetches. This latter problem 
only occurs when a series of simple operations 
occur. When the more sophisticated instructions 
of the 80C88AL are being used, the queue has 
time to fill and the execution proceeds as fast as 
the execution unit will allow. 


The 80C88AL and 80C86AL are completely soft- 
ware compatible by virture of their identical execu- 
tion units. Software that is system dependent may 
not be completely transferable, but software that is 
not system dependent will operate equally as well 
on an 80C88AL or an 80C86AL. 


The hardware interface of the 80C88AL contains the 
major differences between the two CPUs. The pin 
assignments are nearly identical, however with the 
following functional changes: 


• A8-A 15 - 
These pins are only address outputs 


on the 80C88AL. These address lines are latched 
internally and remain valid throughout a bus cycle 
in a manner similar to the 8085 upper address 
lines. 


inter 


• SHE has no meaning on the 80C88AL and has 


been eliminated. 
• SSO provides the SO status information in the 


minimum mode. This output occurs on pin 34 in 
minimum mode only. DT/A, 101M, and SSO pro- 
vide the complete bus status in minimum mode. 


• 101M has been inverted to be compatible with the 


MCS-85 bus structure. 
• ALE is delayed by one clock cycle in the mini- 


mum mode when entering HALT, to allow the 
status to be latched with ALE. 


{ 


ALE 


82C88 
ROY 82C84A 


ROY 80C88 


80C88AL [A::-::: 


Ro 


intJ 


Supply Voltage 
(With respect to ground) 
- 0.5 to 8.0V 


Input Voltage 
Applied 
(w.r.t. ground) 
-2.0 
to VCC + 0.5V 


Output 
Voltage 
Applied 
(w.r.t. ground) 
-0.5 
to VCC + 0.5V 


Power Dissipation 
1.0W 


Storage Temperature 
- 65·C to + 150·C 


Ambient 
Temperature 
Under Bias .... 
O·C to + 70·C 


Case Temperature 
(Plastic) 
O·C to 80·C 


Case Temperature 
(PLCC) 
O·C to 85·C 


•Notice: Stresses above those listed under ':Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


D.C. CHARACTERISTICS 
TA = O·C to 70·C, TCASE (Plastic) = O·C to 80·C, TCASE (PLCC) = O·C to 
85·C, Vcc = 5V ± 10% for 80C88AL, 
Vcc = 5V ±5% 
for 80C88AL·2 


Symbol 
Parameter 
Mln 
Max 
UnIts 
Test Conditions 


VIL 
Input Low Voltage 
+0.8 
V 
(Note 4) 


Input High Voltage 


VIH 
(All inputs except 
2.0 
V 
(Note 5) 
clock and MN/MX) 


VCH 
Clock and MN/MX 
Input 
Vce-0.8 
V 
High Voltage 


VOL 
Output 
Low Voltage 
0.4 
V 
IOL = 2.5mA 


VOH 
Output 
High Voltage 
3.0 
V 
IOH = -2.5mA 


Vce-0.4 
IOH = -100JJ-A 


Ice 
Power Supply Current 
10mA/MHz 
VIL = GND, VIH = Vce 


VIN = Vce or GND 


Iccs 
Standby 
Supply Current 
750 
JJ-A 
Outputs 
Unloaded 


CLK = GND or Vcc 


III 
Input Leakage 
Current 
±1.0 
JJ-A 
OV:>:VIN:>:Vce 


IBHL 
Input Leakage 
Current 
50 
300 
JJ-A 
VIN = 0.8V 
(Bus Hold Low) 


IBHH 
Input Leakage 
Current 
-50 
-300 
JJ-A 
VIN = 3.0V 
(Bus Hold High) 


IBHLO 
Bus Hold Low Overdrive 
400 
JJ-A 
(Note 2) 


IBHHO 
Bus Hold High Overdrive 
-400 
JJ-A 
(Note 3) 


ILO 
Output 
Leakage 
Current 
±10 
JJ-A 
VOUT = GND or Vce 


Capacitance 
of Input Buffer 


CIN 
(All inputs except 
5 
pF 
(Note 1) 
ADO-AD? 
RQ/GT) 


CIO 
Capacitance 
of I/O Buffer 
20 
pF 
(Note 1) 
(ADo-AD] 
RQ/GT) 


COUT 
Output Capacitance 
15 
pF 
(Note 1) 


NOTES: 
1. Characterization 
conditions 
are a) Frequency 
= 1 MHz, b) Unmeasured 
pins at GND 


c) VIN at + 5.0V or GND. 


2. An external 
driver 
must source 
at least 
IBHLO to switch 
this node from 
LOW to HIGH. 


3. An external 
driver 
must sink at least 
IBHHO to switch 
this node from 
HIGH to LOW. 
4. VIL for all input pins (except 
MN/MX 
pin) tested 
with MN/MX 
pin = GND. 
5. VIH tested 
with MN/MX 
pin = Vce. 
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A.C. CHARACTERISTICS 
TA = O·C to 70·C, TCASE (Plastic) = O·C to 80·C, TCASE (PlCC) 
= O·C to 


85·C, VCC = 5V ± 10% for 80C88Al, 
VCC = 5V ±5% 
for 80C88Al-2 


8OC88AL 
80C88AL-2 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 
Test 
Conditions 


TClCl 
ClK 
Cycle Period 
200 
D.C. 
125 
D.C. 
ns 


TClCH 
ClK 
low 
Time 
118 
68 
ns 


TCHCl 
ClK 
High Time 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
10 
10 
From 1.0V 
ns 
to 3.5V 


TCl2Cl1 
ClKFallTime 
10 
10 
From 3.5V 
ns 
to 1.0V 


TDVCl 
Data in Setup Time 
30 
20 
ns 


TClDX 
Data in Hold Time 
10 
10 
ns 


ROY Setup Time 


TR1VCl 
into 82C84A 
35 
35 
ns 
(Notes 1, 2) 


ROY Hold Time 


TClR1X 
into 82C84A 
0 
0 
ns 


(Notes 1, 2) 


TRYHCH 
READY Setup 
118 
68 
ns 
Time into 80C88Al 


TCHRYX 
READY Hold Time 
30 
20 
into 80C88AL 
ns 


TRYLCl 
READY Inactive to 
-8 
-8 
ClK 
(Note 3) 
ns 


THVCH 
HOLD Setup Time 
35 
20 
ns 


INTR, NMI, TEST 


TINVCH 
Setup Time 
30 
15 
ns 


(Note 2) 


TILIH 
Input Rise Time 
15 
15 
From 0.8V 
(Except ClK) 
(Note 4) 
ns 
to 2.0V 


TIHll 
Input Fall Time 
15 
15 
From 2.0V 
(Except ClK) 
(Note 4) 
ns 
to 0.8V 


80C88AL 
80C88AL-2 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 
Test 
Conditions 


TCLAV 
Address 
Valid Delay 
10 
70 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
ns 


TLHLL 
ALE Width 
TCLCH-20 
TCLCH-10 
ns 


TCLLH 
ALE Active Delay 
80 
50 
ns 


TCHLL 
ALE Inactive Delay 
85 
55 
ns 


TLLAX 
Address 
Hold Time to 
TCHCL-25 
TCHCL-25 
ns 
ALE Inactive 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 


TWHDX 
Data Hold Time 
TCLCH-30 
TCLCH-30 
ns 
AfterWR 


TCVCTV 
Control Active Delay 1 
10 
110 
10 
70 
ns 


TCHCTV 
Control Active Delay 2 
10 
110 
10 
60 
ns 


TCVCTX 
Control 
Inactive 
Delay 
10 
110 
10 
70 
ns 


TAZRL 
Address 
Float to READ 
0 
0 
ns 
Active 


TCLRL 
RD Active Delay 
10 
165 
10 
100 
ns 


TCLRH 
RD Inactive Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to Next 
TCLCL-45 
TCLCL-40 
ns 
Address 
Active 


TCLHAV 
HLDA Valid Delay 
10 
160 
10 
100 
ns 


TRLRH 
RDWidth 
2TCLCL-75 
2TCLCL-50 
ns 


TWLWH 
WRWidth 
2TCLCL-60 
2TCLCL-40 
ns 


TAVAL 
Address 
Valid to ALE Low 
TCLCH-60 
TCLCH-40 
ns 


TOLOH 
Output Rise Time (Note 4) 
15 
15 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time (Note 4) 
15 
15 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal at 82C84A 
shown 
for reference 
only. See 82C84A 
data sheet for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next ClK. 


3. Applies 
only to T2 state (8 ns into T3 state). 


4. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
80C88AL 


:::=X~ 
uX= 


240075-12 
A.C. Testing 
inputs 
are driven 
at VIH + 0.4V for a logic 
"1" 
and 


Vil 
- 
0.4V for a logic "0". 
The clock 
is driven 
at VCH + OAVand 


VCl 
- 
0.4V. Timing 
measurements 
are made 
at 1.5V. 


---I 


READ 
CYCL£ 


(NOTE') 
CWIlIlln. va.) 


inter 


INTA 
CYCLE 


NOTES 
1.3 


Cliti. WRzVOH) 


SOFTWARE 
HALT 
- 


lim.R15.WR.INTA 
= VOH 


0111( INDETERMINATE 


NOTES: 
1. All output 
timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. RDY is sampled 
near the end of T2. T3. Tw to determine 
if Tw machines 
states 
are to be inserted. 


3. Two INTA Cycles 
run back-to-back. 
The 80C88AL 
local ADDR/Data 
bus is floating 
during 
both 
INTA Cycles. 
Control 
signals 
are shown 
for the second 
INTA cycle. 
4. Signals 
at 82C84A 
are shown 
for reference 
only. 
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MAX MODE SYSTEM 
(USING 
82C88 
BUS CONTROLLER) 


TIMING 
REQUIREMENTS 


Symbol 
Parameter 
80C88AL 
80C88AL·2 
Units 
Test Conditions 


Mln 
Max 
Mln 
Max 


TClCl 
ClK 
Cycle Period 
200 
D.C. 
125 
D.C. 
ns 


TClCH 
ClKlowTime 
118 
68 
ns 


TCHCl 
ClK 
High Time 
69 
44 
ns 


TCH1CH2 
ClK 
Rise Time 
- 
10 
10 
From 1.0V to 3.5V 
ns 


TCL2Cl1 
ClKFaliTime 
10 
10 
ns 
From 3.5V to 1.0V 


TDVCl 
Data In Setup Time 
30 
20 
ns 


TClDX 
Data In Hold Time 
10 
10 
ns 


TR1VCl 
ROY Setup Time into 82C84 
35 
35 
ns 
(See Notes 1, 2) 


TClR1X 
ROY Hold Time into 82C84 
0 
0 
(See Notes 1, 2) 
ns 


TRYHCH 
READY Setup Time into 
118 
68 
ns 
80C88Al 


TCHRYX 
READY Hold Time into 80C88Al 
30 
20 
ns 


TRYlCl 
READY Inactive to ClK 
(See 
-8 
-8 
ns 
Note 4) 


Setup Time for Recognition 


TINVCH 
(INTR, NMI, TEST) 
30 
15 
ns 


(See Note 2) 


TGVCH 
RQ/GT 
Setup Time 
30 
15 
ns 


TCHGX 
RQ Hold Time into 80C88Al 
40 
30 
ns 


TILIH 
Input Rise Time 
15 
15 
ns 
From 0.8V to 2.0V 
(Except ClK) 
(Note 5) 


TIHll 
Input Fall Time (Except ClK) 
15 
15 
ns 
From 2.0V to 0.8V 
(Note 5) 


80C88AL 
80C88AL-2 


Symbol 
Parameter 
Mln 
Max 
Mln 
Max 
Units 
Test Conditions 


TCLML 
Command 
Active Delay (Note 1) 
5 
45 
5 
35 
ns 


TCLMH 
Command 
Inactive 
Delay (Note 1) 
5 
45 
5 
35 
ns 


TRYHSH 
READY Active to Status Passive 
110 
65 
ns 
(Note 3) 


TCHSV 
Status Active Delay 
10 
100 
10 
60 
ns 


TCLSH 
Status Inactive 
Delay 
10 
130 
10 
70 
ns 


TCLAV 
Address 
Valid Delay 
10 
70 
10 
60 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
ns 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
ns 


TSVLH 
Status Valid to ALE High (Note 1) 
35 
20 
ns 


TSVMCH 
Status Valid to MCE High (Note 1) 
35 
30 
ns 


TCLLH 
CLK Low to ALE Valid (Note 1) 
35 
20 
ns 


TCLMCH 
CLK Low to MCE High (Note 1) 
35 
25 
ns 


TCHLL 
ALE Inactive 
Delay (Note 1) 
4 
35 
4 
25 
ns 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
ns 


TCHDX 
Data Hold Time 
10 
10 
ns 


TCVNV 
Control Active Delay (Note 1) 
5 
45 
5 
45 
ns 


TCVNX 
Control 
Inactive 
Delay (Note 1) 
5 
45 
10 
45 
ns 


TAZRL 
Address 
Float to Read Active 
0 
0 
ns 


TCLRL 
RD Active Delay 
10 
165 
10 
100 
ns 


TCLRH 
RD Inactive 
Delay 
10 
150 
10 
80 
ns 


TRHAV 
RD Inactive to Next Address 
TCLCL·45 
TCLCL-40 
Active 
ns 


TCHDTL 
Direction 
Control Active Delay 
50 
50 
ns 
(Note 1) 


TCHDTH 
Direction 
Control 
Inactive Delay 
35 
30 
ns 
(Note 1) 


TCLGL 
GT Active Delay 
0 
85 
0 
50 
ns 


TCLGH 
GT Inactive 
Delay 
0 
85 
0 
50 
ns 


TRLRH 
RD Width 
2TCLCL-75 
2TCLCL-50 
ns 


TOLOH 
Output Rise Time (Note 5) 
15 
15 
ns 
From 0.8Vto 
2.0V 


TOHOL 
Output Fall Time (Note 5) 
15 
15 
ns 
From 2.0Vto 
0.8V 


NOTES: 
1. Signal 
at 82C84A 
or 82C88 
shown 
for reference 
only. See 82C84A 
and 82C88 
data sheets 
for the most recent 
specifications. 
2. Setup 
requirement 
for asynchronous 
signal only to guarantee 
recognition 
at next ClK. 


3. Applies 
only to T3 and wait states 
(8 ns into T3 state). 
4. Applies 
only to T2 state 
(8 ns into T3 state). 
5. These 
parameters 
are characterized 
and not 100% 
tested. 


inter 
80C88AL 


A.C.TESTINGINPUT,OUTPUTWAVEFORM 
A.C.TESTINGLOADCIRCUIT 


Input/Output 


v~ + GAY-V 
,..V- 


VL-UV~----------~ 


240075-12 
A.C. Testing 
inputs 
are driven 
at VIH + OAV for a logic 
"1" 
and 


Vil 
- 
0.4V for a logic "0". 
The clock 
is driven 
at VCH + 0.4Vand 


VCl 
- 
0.4V. 
TIming 
measurements 
are made 
at 1.5V. 


l 


AUc_OU1PIITl 


lEE 
MOTES 
lID'c_-m 


READ' 
(1IOCaA1.INPUT) I 


inter 


S2' S,. So (EXCEPT 
HALT) 


WRITE 
CYCLE 


82C88 
OUTPUTS 
SEE 
NOTES 
5.6 


AMWC 


OR AIOWC 


MWTC 


OR IOWC 


A,s-A. 


(SEE NOTES 
3.4) 


MCEI 
PDEN 


DT/R 


r- 
L_ 
TCHDTH 


82C88 
OUTPUTS 
INTA 


SEE NOTES 
5.6 


SOFTWARE 
HALT 
- 
(DEN = VOL; RD. MRDC. 
IORC. MWTC. 
AMWC. 
iOWC. 
AiOWC.INTA.DT/R 
= VOM' 


AD7-ADo• 
A,s-A. 
---r-x- 
INVALID 
ADDRESS 
T~I= 
~ 
1------,- 


_.----_. 
'---- 


NOTES: 
1. All output 
timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
2. ROY is sampled 
near the end of T2. T3' Tw to determine 
if Tw machines 
states 
are to be inserted. 


3. Cascade 
address 
is valid between 
first and second 
INTA cycles. 


4. Two 
INTA cycles 
run back-to-back. 
The 80C88AL 
local ADDR/Data 
bus is floating 
during 
both 
INTA cycles. 
Control 
for pointer 
address 
is shown 
for second 
INTA cycle. 


5. Signals 
at 82C84A 
or 82C88 
are shown 
for reference 
only. 


6. The issuance 
of the 82C88 
command 
and control 
signals 
(MADe, 
MWTC, 
AMWC, lORC, iOWC, AiOWC, 
INTA and 
DEN) lags the active 
high 82C88 
CEN. 


7. Status 
inactive 
in state just prior to T4. 


inter 


ClK\ 
r\ 


I 
~L,,~~ 


••• no' 
\0------: 
A 
: 
I 
240075-18 


NOTE: 
Setup requirements for asynchronous signals 


only to guarantee recognition at next eLK. 


BUS LOCK SIGNAL 
TIMING 
(MAXIMUM 
MODE 
ONLY) 


ANYCLKeYel~ 
ANYelK CYCl~ 
:1(---V 


240075-19 


A,IS.-A,IS. 
PREVIOUS 
AtS-A. 
"I 
------------ 


ADt:AD 
IOCI8Al 
!r,M 1------------ 


AD,lOCK 


COPROCESSOR 


(_noto) 


~ 


_'CLKeYeLE_ 


elK 
1~ 


HOlO~ 


.r--r- 1 O. 2 CYCLES 


,,--1.-..,::- 


Mnemonic and 
Deecrlpllon 


DATA TRANSFER 


MOY = Move: 


Register/Memory to/from Register 


Immediate to Register/Memory 


Immediate to Register 


Memory to Accumulator 


Accumulator to Memory 


Register/Memory to Segment Register" 


Segment Register to Register/Memory 


Register/Memory 


Register 


Segment Register 


Register/Memory 


Register 


Segment Register 


XCHG ~ Exchange: 


Register/Memory with Register 


Register with Accumulator 


IN = Input from: 


Fixed Port 


Variable Port 


OUT = Output to: 


FIXedPort 


Variable Port 


XLAT = Translate Byte to AL 


LEA = Load EA to Register 


LOS = Load Pointer to OS 


LES = Load Pointer to ES 


LAHF = Load AH with Flags 


SAHF ~ Store AH into Flags 


PUSHF = Push Flags 


POPF = Pop Flags 


76543210 


100010dw 


1100011 
w 


1011 
wreg 


1010000w 


1010001w 


10001110 


10001100 


11111111 


01010reg 


OOOreg 110 


76543210 
76543210 


mod 
reg 
rIm 


modOOOr/m 
data 


data 
datanw 
1 


add-low 
addr-high 


addr-Iow 
addr-high 


modOregr/m 


modOregr/m 


modll0r/m 


10001111 


01011 
reg 


000regl11 


1000011w 


10010reg 


1110010w 


1110110w 


1110011 
w 


1110111w 


11010111 


10001101 


11000101 


11000100 


10011111 


10011110 


10011100 


10011101 


modregr/m 


mod reg r/m 


modregr/m 


ARITHMETIC 


ADD = Add: 


Reg.lMemory with Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


ADC = Add with Carry: 


Reg.lMemory with Register to Either 


Immediate to Register/Memory 


Immediate to Accumulator 


INC = Increment 


Register/Memory 


Register 


AAA = ASCII Adjust for Add 


DAA = Decimal Adjust for Add 


SUB = Subtract: 


Reg.lMemory and Register to Either 


Immediate from Register/Memory 


Immediate from Accumulator 


SBB = Subtract with Borrow 


Reg.lMemory and Register to Either 


Immediate from Register/Memory 


Immediate from Accumulator 


DEC = Decrement 


Register/Memory 


Register 


NEG = Change Sign 


CMP = Compare: 


Register/Memory and Register 


Immediate with Register/Memory 


Immediate with Accumulator 


AAS = ASCII Adjust for Subtract 


DAS = Decimal Adjust for Subtract 


MUL = Multiply (Unsigned) 


IMUL 
~ Integer Multiply (Signed) 


AAM 
~ ASCII Adjust for Multiply 


DIY = Divide (Unsigned) 


IDlY ~ Integer Divide (Signed) 


AAD = ASCII Adjuslfor Divide 


CBW = Convert Byleto Word 


CWO = Convert Word to Double Word 


OOOOOOdw 


100000sw 


0000010w 


modregr/m 


modOOOr/m 


data 


000100dw 


100000sw 


0001010w 


mod reg r/m 


modO 1 Or/m 


1111111w 


01000reg 


00110111 


00100111 


001010dw 


100000sw 


0010110w 


mod reg r/m 


mod 101 rIm 


data 


000110dw 


100000sw 


0001110w 


mod reg r/m 


modO 11 rIm 


data 


1111111w 


01001 
reg 


1111011 
w 


001110dw 


100000sw 


0011110w 


00111111 


00101111 


1111011 
w 


1111011 
w 


11010100 


1111011 
w 


1111011 
w 


11010101 


10011000 


10011001 


mod reg rIm 


mod 111 rIm 


data 


mod 1 OOr/m 


mod 1 01 rIm 


00001010 


mod 11 Or/m 


mod111 
rIm 


00001010 


data 


dataifw = 1 


data 


dataifw 
= 1 


data 


dataifw 
= 1 


data 


data ifw ~ 1 


inter 


80C86AL/80C88AL 
INSTRUCTION 
SET SUMMARY 
(Continued) 


Mnemonic and 
Instruction Code 
Description 


LOGIC 
76543210 
76543210 
76543210 
76543210 


NOT = Invert 
1111011w 
modO 1 Or/m 


SHUSAL 
= Shift Logical/Arithmetic Left 
110100vw 
mod 1 OOr/m 


SHR = Shift Logical Right 
110100vw 
mod 1 01 rim 


SAR = Shift Arithmetic Right 
110100vw 
mod 111 rim 


ROL = Rotate Left 
110100vw 
modOOOr/m 


ROR ~ Rotate Right 
110100vw 
mod001 
rim 


RCL = Rotate Through Carry Flag Left 
110100vw 
modO 1 Or/m 


RCR = Rotate Through Carry Right 
110100vw 
modO 11 rim 


AND = And: 


Reg.lMemory and Register to Either 
001000dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 1 OOr/m 
data 
dataifw 
= 1 


Immediate to Accumulator 
0010010w 
data 
dataifw 
~ 1 


TEST ~ And Function to Aags, No Result: 


Register/Memory and Register 
1000010w 
mod reg r/m 


Immediate Data and Register/Memory 
1111011 
w 
mod 00 0 rim 
data 
data ifw = 1 


Immediate Data and Accumulator 
1010100w 
data 
data~w 
= 1 


OR= 
Or: 


Reg.lMemory and Register to Either 
000010dw 
mod reg rim 


Immediate to Register/Memory 
1000000w 
mod001 
rim 
data 
data ifw = 1 


Immediate to Accumulator 
0000110w 
data 
data ifw ~ 1 


XOR = Exclusive or: 


Reg.lMemory and Register to Either 
001100dw 
mod reg r/m 


Immediate to Register/Memory 
1000000w 
mod 11 Or/m 
data 
dataifw 
= 1 


Immediate to Accumulator 
0011010w 
data 
dataifw 
~ 1 


STRING MANIPULATION 


REP = Repeat 
1111001 
z 


MOVS = Move Byte/Word 
1010010w 


CMPS ~ Compare Byte/Word 
1010011 
w 


SCAS = Scan Byte/Word 
1010111 
w 


LODS ~ Load Byte/Wd to AL/ AX 
1010110w 


STOS = Stor Byte/Wd from AL/ A 
1010101 
w 


CONTROL TRANSFER 


CALL ~ Call: 


Direct Within Segment 
11101000 
disp-Iow 
disp-high 


Indirect Within Segment 
11111111 
modO 1 Or/m 


Direct Intersegment 
10011010 
offset-low 
offset-high 


seg-Iow 
seg-high 


Indirect Intersegment 
11111111 
modO 11 rim 


SOCS6AL/SOCSSAL INSTRUCTION 
SET SUMMARY 
(Continued) 
I 


JMP ~ Unconditional 
Jump: 


Direct Within segment 


Direct Within Segment-Short 


Indirect Within segment 


Directlntersegment 


RET = Return from CALL: 


Within segment 


Within seg Adding Immed to SP 


Intersegment 


Intersegment Adding Immediate to SP 


JE/JZ = Jump on Equal/Zero 


JLlJNGE 
= Jump on Less/Not Greater 
or Equal 
JLE/JNG ~ Jump on Less or Equal/ 
Not Greater 
JB/JNAE = Jump on Below/Not Above 
or Equal 
JBE/JNA 
= Jump on Below or Equal/ 
Not Above 
JP/JPE ~ Jump on Parity/Parity Even 


JO ~ Jump on Overflow 


JS = Jump on Sign 


JNE/ JNZ = Jump on Not Equal/Not Zero 


JNLlJGE 
~ Jump on Not Less/Greater 
or Equal 
JNLE/JG = Jump on Not Less or Equal/ 
Greater 
JNB/JAE 
= Jump on Not Below/Above 
or Equal 
JNBE/JA 
~ Jump on Not Below or 
Equal/Above 
JNP/JPO ~ Jump on Not Par/Par Odd 


JNO ~ Jump on Not Overflow 


JNS ~ Jump on Not Sign 


LOOP = Loop ex Times 


LOOPZ/LooPE 
= Loop While Zero/Equal 


LooPNZlLooPNE 
= Loop While Not 
Zero/Equal 


JCXZ = Jump on ex Zero 


INT ~ Interrupt 


Type Specified 


Type 3 


INTO = Interrupt on Overflow 


IRET ~ Interrupt Return 


76543210 


11101001 


11101011 


11111111 


11000011 


11000010 


11001011 


11001010 


01110100 


01111100 


01111110 


01110010 


01110110 


01111010 


01110000 


01111000 


01110101 


01111101 


01111111 


01110011 


01110111 


01111011 


01110001 


01111001 


11100010 


11100001 


11100000 


11100011 


disp-Iow 


disp 


mod 1 OOr/m 


seg-Iow 


mod 101 rIm 


offset-high 


sag-high 


data-low 
data-high 


data-low 
data-high 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


disp 


type 
11001101 


11001100 


11001110 


11001111 


inter 


CLC = Clear Carry 


CMC = Complement 
Carry 


STC = Set Carry 


CLD 
~ 
Clear Direction 


STD 
~ 
Set Direction 


CLI = Clear 
Interrupt 


STJ = Set Interrupt 


HLT = Han 


WAIT 
= Wait 


11 f 11 000 


11110101 


11111001 


11111100 


11111101 


11111010 


11110100 


10011011 


ESC = Escape 
(to External 
Device) 


LOCK 
= Bus Lock Prefix 


NOTES: 
AL = 8-bit accumulator 
AX = 16-bit accumulator 
CX = Count 
register 
OS = Oata segment 
ES = Extra segment 
Above/below 
refers 
to unsigned 
value. 
Greater 
= more positive; 
Less = less positive 
(more negative) 
signed 
values 


if d = 1 then 
"to" 
reg; if d = 0 then 
"from" 
reg 


if w = 1 then 
word 
instruction; 
if w = a then 
byte instruc- 


tion 
if mod = 11 then rIm is treated 
as a REG field 


if mod = 
00 then 
OISP = 0", 
disp-Iow 
and disp-high 
are 


absent 
if 
mod 
= 
01 
then 
OISP 
= 
disp-Iow 
sign-extended 
to 


16 bits, disp-high 
is absent 
if mod = 10 then 
OISP = disp-high: 
disp-Iow 


if rIm = 000 then 
EA = (BX) + (SI) + OISP 


if rIm = 001 then 
EA = (BX) + (01) + OISP 


if rIm = 010 then 
EA = (BP) + (SI) + OISP 


if rIm = all 
then 
EA = (BP) + (01) + OISP 


if rIm = 100 then 
EA = (SI) + OISP 


if rIm = 101 then 
EA = (01) + OISP 


if rIm = 110 then 
EA = (BP) + OISP" 


if rIm = 111 then 
EA = (BX) + OISP 


OISP 
follows 
2nd 
byte 
of 
instruction 
(before 
data 
if re- 


quired) 
"except 
if mod = 00 and rIm = 
110 then 
EA = disp- 


high: disp-Iow. 


""MOV 
CS, REG/MEMORY 
not allowed. 


if s:w = 01 then 
16 bits of immediate 
data form 
the oper- 


and. 
if s:w = 11 then 
an immediate 
data 
byte is sign extended 


to form the 16-bit operand. 
if v = 0 then 
"count" 
= 
1; if v = 
1 then 
"count" 
in (CL) 
x = don't 
care 
z is used for string primitives 
for comparison 
with ZF FLAG. 


SEGMENT 
OVERRIDE 
PREFIX 
I 
001r89110 
I 


REG is assigned 
according 
to the following 
table: 


16·Blt (w = 1) 
8·Blt (w = 0) 
segment 


000 
AX 
000 
AL 
00 
E5 


001 
CX 
001 
CL 
01 
C5 


010 
OX 
010 
OL 
10 
55 


011 
BX 
011 
BL 
11 
05 


100 
5P 
100 
AH 


101 
BP 
101 
CH 


110 
51 
110 
OH 


111 
01 
111 
BH 


Instructions 
which 
reference 
the flag register 
file as a 16-bit 


object 
use the symbol 
FLAGS 
to represent 
the file: 


FLAGS 
= 


X:X:X:X:(OF):(OF):(IF):(TF):(SF):(ZF):X:(AF):X:(PF):X:(CF) 


NUMERIC DATA COPROCESSOR 
8087/8087-2/8087-1 


• 
High Performance 
Numeric Data 


Coprocessor 


• 
Adds Arithmetic, 
Trigonometric, 
Exponential, and Logarithmic 
Instructions 
to the Standard 8086/8088 


and 80186/80188 Instruction 
Set for All 


Data Types 


• 
CPU/8087 Supports 7 Data Types: 16-, 
32-, 64-Bit Integers, 32-, 64-, 80-Blt 
Floating Point, and 18-Dlglt BCD 
Operands 


• 
Compatible with IEEE Floating Point 
Standard 754 


• 
Available In 5 MHz (8087), 8 MHz (8087- 
2) and 10 MHz (8087-1): 8 MHz 80186/ 
80188 System Operation Supported 
with the 8087-1 


• 
Adds 8 x 80-Blt Individually 
Addressable 
Register Stack to the 


8086/8088 and 80186/80188 
Architecture 


• 
7 Built-In Exception Handling Functions 


• 
MULTIBUSI8>System Compatible 
Interface 


The 8087 Numeric 
Data Coprocessor 
provides 
the instructions 
and data types needed 
for high performance 
numeric 
applications, 
providing 
up to 100 times the performance 
of a CPU alone. The 8087 is implemented 
in 
N-channel, 
depletion 
load, silicon gate technology 
(HMOS III), housed in a 40-pin package. 
Sixty-eight 
numeric 
processing 
instructions 
are added to the 8086/8088, 
80186/80188 
instruction 
sets and eight 80-bit registers 
are added 
to the register 
set. The 8087 is compatible 
with the IEEE Floating 
Point Standard 
754. 


ICOHTAOliiN,T- 
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- 
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EXPONENT 
FRACTION 
IUS 
IUS 
QND 
Vcc 


(A14)AD14 
AD11 


(A13)AD13 
A1W3 


(AU) AD12 
A17184 


(A11)AD11 . 
A111l15 


(A10) AD10 
A1_ 


(AI)ADt 
IRh7 


(AI)ADI 
~ 


AD7 
INT 


ADI 
..., 
iiQAfio 
.ox 


ADI 
NC 


AIM 
NC 


AD3 
fi 


Am 
" 
11 


AD1 
III 


ADO 
.. 
QSO 


NC 
.. 
QS1 


NC 
_Y 


CIJ( 
n 
READY 


OND 
" 
IIESET 


205835-2 


Figure 2. 8087 Pin 


ConfIguratIon 


inter 


Symbol 


AD15-ADO 


A19/56, 
A18/55, 
A17/54, 
A16/53 


Type 


I/O 


Table 
1.8087 
Pin Description 


Name and Function 


ADDRESS 
DATA: These lines constitute 
the time multiplexed 
memory address 
(T 1) 


and data (T2. T3, Tw, T4) bus. AO is analogous 
to the BHE for the lower byte of the data 


bus, pins D7-DO. 
It is LOW during T1 when a byte is to be transferred 
on the lower 


portion of the bus in memory operations. 
Eight-bit oriented 
devices tied to the lower half 


of the bus would normally 
use AO to condition 
chip select functions. 
These lines are 
active HIGH. They are input/output 
lines for 8087-driven 
bus cycles and are inputs 
which the 8087 monitors when the CPU is in control 
of the bus. A 15-A8 
do not require 
an address 
latch in an 8088/8087 
or 80188/8087. 
The 8087 will supply an address for 
the T 1- T4 period. 


ADDRESS 
MEMORY: 
During T 1 these are the four most significant 
address lines for 
memory operations. 
During memory operations, 
status information 
is available 
on these 
lines during T2, T3, Tw, and T4. For 8087 -controlled 
bus cycles, 56, 54, and 53 are 
reserved 
and currently 
one (HIGH), while 55 is always LOW. These lines are inputs 
which the 8087 monitors 
when the CPU is in control 
of the bus. 


BUS HIGH ENABLE: During T1 the bus high enable signed (BHE) should be used to 
enable data onto the most significant 
half of the data bus, pins D15-D8. 
Eight-bit- 
oriented 
devices tied to the upper half of the bus would normally 
use BHE to condition 
chip select functions. 
BHE is LOW during T 1 for read and write cycles when a byte is to 


be transferred 
on the high portion of the bus. The 57 status information 
is available 
during T2, T3. Tw, and T4. The signal is active LOW. 57 is an input which the 8087 
monitors 
during the CPU-controlled 
bus cycles. 


STATUS: 
For 8087-driven, 
these status lines are encoded 
as follows: 
S2 
51 
SO 


o (LOW) 
X 
X 
Unused 


1 (HIGH) 
0 
0 
Unused 


1 
0 
1 
Read Memory 


1 
1 
0 
Write Memory 


1 
1 
1 
Passive 
5tatus 
is driven active during T4, remains valid during T1 and T2, and is returned 
to the 


passive state (1, 1, 1) during T3 or during Tw when READY is HIGH. This status is used 
by the 8288 Bus Controller 
(or the 82188 Integrated 
Bus Controller 
with an 80186/ 


80188 CPU) to generate 
all memory access control 
signals. Any change in 52, 51, or 
50 during T4 is used to indicate the beginning 
of a bus cycle, and the return to the 
passive state in T3 or Tw is used to indicate the end of a bus cycle. These signals are 
monitored 
by the 8087 when the CPU is in control 
of the bus. 


REQUEST/GRANT: 
This request/grant 
pin is used by the 8087 to gain control 
of the 


local bus from the CPU for operand 
transfers 
or on behalf of another 
bus master. 
It 


must be connected 
to one of the two processor 
request/grant 
pins. The request/grant 
sequence 
on this pin is as follows: 
1. A pulse one clock wide is passed to the CPU to indicate 
a local bus request by either 
the 8087 or the master connected 
to the 8087 RQ/GT1 
pin. 
2. The 8087 waits for the grant pulse and when it is received 
will either initiate bus 
transfer 
activity in the clock cycle following 
the grant or pass the grant out on the 
RQ/GT1 
pin in this clock if the initial request was for another 
bus master. 
3. The 8087 will generate 
a release pulse to the CPU one clock cycle after the 
completion 
of the last 8087 bus cycle or on receipt of the release pulse from the bus 


master on RQ/GT1. 
For 80186/80188 
systems the same sequence 
applies except RQ/GT 
signals are 
converted 
to appropriate 
HOLD. HLDA signals by the 82188 Integrated 
Bus Controller. 


This is to conform 
with 80186/80188's 
HOLD, HLDA bus exchange 
protocol. 
Refer to 
the 82188 data sheet for further information. 


inter 


Symbol 
Type 
Name and Function 


RQ/GT1 
I/O 
REQUEST/GRANT: 
This request/grant 
pin is used by another 
local bus master to 
force the 8087 to request the local bus. If the 8087 is not in control 
of the bus when the 
~uest 
is made the request/grant 
sequence 
is passed through the 8087 on the RQ/ 
GTO pin one cycle later. Subsequent 
grant and release pulses are also passed thr~h 
the 8087 with a two and one clock delay, respectively, 
for resynchronization. 
RQ/GT1 
has an internal 
pullup resistor, and so may be left unconnected. 
If the 8087 has control 
of the bus the request! grant sequence 
is as follows: 
1. A pulse 1 CLK wide from another 
local bus master indicates 
a local bus request to 
the 8087 (pulse 1). 
. 
2. During the 8087's 
next T4 or T 1 a pulse 1 CLK wide from the 8087 to the requesting 
master (pulse 2) indicates 
that the 8087 has allowed the local bus to float and that it 
will enter the "RQ/GT 
acknowledge" 
state at the next CLK. The 8087's 
control 
unit 
is disconnected 
logically from the local bus during "RQ/GT 
acknowledge." 
3. A pulse 1 CLK wide from the requesting 
master indicates 
to the 8087 (pulse 3) that 
the "RQ/GT" 
request is about to end and that the 8087 can reclaim the local bus at 
the next CLK. 


tit. 
Each master-master 
exchange 
of the local bus is a sequence 
of 3 pulses. There must 


I 
be one dead CLK cycle after each bus exchange. 
Pulses are active LOW. 


For 80186/80188 
system, the RQ/GT1 
line may be connected 
to the 82188 Integrated 
Bus Controller. 
In this case, a third processor 
with a HOLD, HLDA bus exchange 
system may acquire the bus from the 8087. For this configuration, 
RQ/GT1 
will only be 
used if the 8087 is the bus master. Refer to 82188 data sheet for further information. 


QS1, QSO 
I 
QS1, QSO: QS1 and QSO provide the 8087 with status to allow tracking 
of the CPU 
instr~ction 
queue. 


QS1 
QSO 
o (LOW) 
0 
No Operation 
0 
1 
First Byte of Op Code from Queue 
1 (HIGH) 
0 
Empty the Queue 
1 
1 
Subsequent 
Byte from Queue 


INT 
0 
INTERRUPT: 
This line is used to indicate that an unmasked 
exception 
has occurred 
during numeric instruction 
execution 
when 8087 interrupts 
are enabled. 
This signal is 
typically 
routed to an 8259A for 8086/8088 
systems 
and to INTO for 80186/80188 
systems. 
INT is active HIGH. 


BUSY 
0 
BUSY: This signal indicates 
that the 8087 NEU is executing 
a numeric instruction. 
It is 
connected 
to the CPU's TEST pin to provide synchronization. 
In the case of an 
unmasked 
exception 
BUSY remains active until the exception 
is cleared. 
BUSY is 
active HIGH. 


READY 
I 
READY: READY is the acknowledgement 
from the addressed 
memory device that it 
will complete 
the data transfer. 
The ROY signal from memory is synchronized 
by the 
8284A Clock Generator 
to form READY for 8086 systems. 
For 80186/80188 
systems, 


ROY is synchronized 
by the 82188 Integrated 
Bus Controller 
to form READY. This 
signal is active HIGH. 


RESET 
I 
RESET: RESET causes the processor 
to immediately 
terminate 
its present activity. 
The signal must be active HIGH for at least four clock cycles. RESET is internally 
synchronized. 


CLK 
I 
CLOCK: The clock provides the basic timing for the processor 
and bus controller. 
It is 
asymmetric 
with a 33% duty cycle to provide optimized 
internal timing. 


Vcc 
POWER: Vcc is the + 5V power supply pin. 


GND 
GROUND: 
GND are the ground pins. 


NOTE: 
For the pin descriptions of the 8086, 8088, 80186 and 80188 CPUs, reference the respective data sheets (8086, 8088, 
80186,80188). 


inter 
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The 8087 provides functions meant specifically for 
high performance numeric processing requirements. 
Trigonometric, logarithmic, and exponential func- 
tions are built into the coprocessor hardware. These 
functions are essential in scientific, engineering, 
navigational, or military applications. 


The 8087 also has capabilities meant for business or 
commercial computing. An 8087 can process Binary 
Coded Decimal (BCD) numbers up to 18 digits with- 
out roundoff errors. It can also perform arithmetic on 
integers as large as 64 bits ±1018). 


PROGRAMMING 
LANGUAGE 


SUPPORT 


Programs for the 8087 can be written in Intel's high- 
level languages for 8086/8088 
and 80186/80188 


Systems; ASM-86 (the 8086, 8088 assembly lan- 
guage), PL/M-86, FORTRAN-86, and PASCAL-86. 


For 8086, 8088, 80186 or 80188 details, refer to the 
respective data sheets. For 80186 or 80188 sys- 
tems, also refer to the 82188 Integrated Bus Con- 
troller data sheet. 


The 8087 Numeric Data Processor's architecture is 
designed for high performance numeric computing 
in conjunction with general purpose processing. 


,. 
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The 8087 is a numeric processor extension that pro- 
vides arithmetic and logical instruction support for a 
variety of numeric data types. It also executes nu- 
merous built-in transcendental functions (e.g., tan· 
gent and log functions). The 8087 executes instruc- 
tions as a coprocessor to a maximum mode CPU. It 
effectively extends the register and instruction set of 
the system and adds several new data types as well. 
Figure 3 presents the registers of the CPU+ 8087. 
Table 2 shows the range of data types supported by 
the 8087. The 8087 is treated as an extension to the 
CPU, providing register, data types, control, and in- 
struction capabilities at the hardware level. At the 
programmer's level the CPU and the 8087 are 
viewed as a single unified processor. 


System Configuration 


As a coprocessor to an 8086 or 8088, the 8087 is 
wired in parallel with the CPU as shown in Figure 4. 
Figure 5 shows the 80186/80188 
system configura- 


tion. The CPU's status (SO-S2) and queue status 
lines (OSO-OS1) enable the 8087 to monitor and 
decode instructions in synchronization with the CPU 
and without any CPU overhead. For 80186/80188 
systems, the queue status signals of the 801861 
80188 are synchronized to 8087 requirements by 
the 8288 Integrated Bus Controller. Once started, 
the 8087 can process in parallel with, and indepen- 
dent of, the host CPU. For resynchronization, the 
8087's BUSY signal informs the CPU that the 8087 
is executing an instruction and the CPU WAIT in- 
struction tests this signal to insure that the 8087 is 
ready to execute subsequent instructions. The 8087 
can interrupt the CPU when it detects an error or 
exception. The 8087's interrupt request line is typi- 
cally routed to the CPU through an 8259A Program- 
mable Interrupt Controller for 8086, 8088 systems 
and INTOfor 80186/80188. 
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The 8087 uses one of the requestlg@nt lines of the 
8086/8088 architecture (typically RQ/GTO) to ob- 
tain control of the local bus for data transfers. The 
other request/grant line is available for general sys- 
tem use (for instance by an I/O processor in LOCAL 
mode). A bus master can also be connected to the 
8087's RO/GT1 line. In this configuration the 8087 
will pass the request/grant handshake signals be- 
tween the CPU and the attached master when the 
8087 is not in control of the bus and will relinquish 
the bus to the master directly when the 8087 is in 
control. In this way two additional masters can be 
configured in an 8086/8088 system; one will share 
the 8086/8088 bus with the 8087 on a first-come 
first-served basis, and the second will be guaranteed 
to be higher in priority than the 8087. 


For 80186/80188 systems, RO/GTO and RQ/GT1 
are connected to the corresponding inputs of the 
82188 
Integrated 
Bus 
Controller. 
Because 
the 


80186/80188 
has a HOLD, HLDA bus exchange 


E!2.tocol, an interface is needed which will translate 
RO/GT signals to corresponding HOLD, HLDA sig- 
nals and vice versa. One of the functions of the 
82188 IBC is to provide this translation. RO/GTO is 
translated to HOLD, HLDA signals which are then 
directly connected to the 80186/80188. The RO/ 
GT1 line is also translated into HOLD, HLDA signals 
(referred to as SYSHOLD, SYSHLDA signals) by the 
82188 IBC. This allows a third processor (using a 
HOLD, HLDA bus exchange protocol) to gain control 
of the bus. 


Unlike an 8086/8087 system, RQ/GT is only used 
when the 8087 has bus control. If the third processor 
requests the bus when the current bus master is the 
80186/80188, the 82188 IBC will directly pass the 
request 
onto 
the 
80186/80188 
without 
going 
through the 8087. The third processor has the high- 
est bus priority in the system. If the 8087 requests 
the bus while the third processor has bus control, 
the grant pulse will not be issued until the third proc- 
essor releases the bus (using SYSHOLD). In this 
configuration, the third processor has the highest 
priority, the 8087 has the next highest, and the 
80186/80188 has the lowest bus priority. 


The 8087 bus structure, operation and timing are 
identical to all other processors in the 8086/8088 
series (maximum mode configuration). The address 
is time multiplexed with the data on the first 16/8 
lines of the address/data bus. A16 through A19 are 
time multiplexed with four status lines S3-S6. S3, 
S4 and S6 are always one (HIGH) for 8087-driven 
bus cycles while S5 is always zero (LOW). When the 
8087 is monitoring CPU bus cycles (passive mode) 
S6 is also monitored by the 8087 to differentiate 
8086/8088 activity from that of a local I/O proces- 
sor or any other local bus master. (The 8086/8088 
must be the only processor on the local bus to drive 
S6 LOW). S7 is multiplexed with and has the same 
value as BHE for all 8087 bus cycles. 


Data 
Range 
Precision 
Most Significant 
Byte 


Formats 
7 
017 
017 
017 
017 
017 
017 
017 
017 
017 
01 


Word Integer 
104 
16 Bits 
115 
10lTwo'sComplement 


109 
10lTwo'sComplement 
- 


Short Integer 
32 Bits 
131 


Long Integer 
1018 
64 Bits 
163 
Ill. 
Two's 
o Complement 


Packed BCD 
1018 
18 Digits sl- 
0170161 
TD1 Dol 


Short Real 
10±38 
24 Bits 
SIE7 
EoIF1 
F231FoImplicit 


Long Real 
10±308 
53 Bits sIE10 
EoIF1 
F5~Fo Implicit 


Temporary Real 10±4932 
64 Bits 
SIE14 
EolFo 
F6~ 


Integer: 
I 
Packed BCD: (-l)S(017"'OO) 
Real: (-1 
)S(2E - Elias)(Fo.Fl 
...) 
bias = 127for Short 
Real 
1023for Long Real 
16383for Temp 
Real 


The first three status lines, SO-52, are used with an 
8288 bus controller 'or 82188 Integrated Bus Con- 
troller to determine the type of bus cycle being run: 


S2 
S1 
SO 


0 
X 
X 
Unused 


1 
0 
0 
Unused 


1 
0 
1 
Memory Data Read 


1 
1 
0 
Memory Data Write 


1 
1 
1 
Passive (no bus cycle) 


Programming 
Interface 


The 8087 includes the standard 8086, 8088 instruc- 
tion set for general data manipulation and program 
control. It also includes 68 numeric instructions for 
extended precision integer, floating point, trigono- 
metric, logarithmic, and exponential functions. Sam- 
ple execution times for several 8087 functions are 
shown in Table 3. Overall performance is up to 100 
times that of an 8086 processor for numeric instruc- 
tions. 


Any instruction executed by the 8087 is the com- 
bined result of the CPU and 8087 activity. The CPU 
and the 8087 have specialized functions and regis- 
ters providing fast concurrent operation. The CPU 
controls overall- program execution while the 8087 
uses the coprocessor interface to recognize and 
perform numeric operations. 


Table 2 lists the seven data types the 8087 supports 
and presents the format for each type. Internally, the 
8087 holds all numbers in the temporary real format. 
Load and store instructions automatically convert 
operands represented in memory as 16-, 32-, or 64- 
bit integers, 32- or 64-bit floating point numbers or 
18-digit packed BCD numbers into temporary real 
format and vice versa. The 8087 also provides the 
capability to control round off, underflow, and over- 
flow errors in each calculation. 


Computations in the 8087 use the processor's regis- 
ter stack. These eight 80-bit registers provide the 
equivalent capacity of 20 32-bit registers. The 8087 
register set can be accessed as a stack, with in- 
structions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 


Table 5 lists the 8087's instructions by class. All ap- 
pear as ESCAPE instructions to the host. Assembly 
language programs are written in ASM-86, the 8086, 
8088 assembly language. 


Table 3. Execution 
Times for Selected 


8086/8087 
Numeric 
Instructions 
and 


Corresponding 
8086 Emulation 


Approximate 
Execution 


Floating 
Point 
Time (JLs) 


Instruction 
8086/8087 
8086 
(8 MHz 
Emulation 
Clock) 


Add/Subtract 
10.6 
1000 


Multiply (Single 
Precision) 
11.9 
1000 


Multiply (Extended 


" 
Precision) 
16.9 
1312 


Divide 
24.4 
2000 


Compare 
-5.6 
812 


Load (Double Precision) 
-6.3 
1062 


Store (Double Precision) 
13.1 
750 


Square Root 
22.5 
12250 


Tangent 
56.3 
8125 


Exponentiation 
62.5 
10687 


NUMERIC 
PROCESSOR 
EXTENSION 
ARCHITECTURE 


As shown in Figure 1, the 8087 is internally divided 
into two processing elements, the control unit (CU) 
and the numeric execution unit (NEU). The NEU ex- 
ecutes all numeric instructions, while the CU re- 
ceives and decodes instructions, reads and writes 
memory operands and executes 8087 control in- 
structions. The two elements are able to operate in- 
dependently of one another,' allowing the CU to 
maintain synchronization with the CPU while the 
NEU is busy processing a numeric instruction. 


The CU keeps the 8087 operating in synchronization 
with its host CPU. 8087 instructions are intermixed 
with CPU instructions in a single instruction stream. 
The CPU fetches all instructions from memory; by 
monitoring the status (50-82, 
56) emitted by the 


CPU,the control unit determines when an instruction 
is being fetched. The CPU monitors the data bus in 
parallel with the CPU to obtain instructions that per- 
tain to the 8087. 
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The CU maintains an instruction queue that is identi- 
cal to the queue in the host CPU. The CU automati- 
cally determines if the CPU is an 8086/80186 or an 
8088/80188 immediately after reset (by monitoring 
the BHE/S7 line) and matches its queue length ac- 
cordingly. By monitoring the CPU's queue status 
lines (OSO,OS1), the CU obtains and decodes in- 
structions from the queue in synchronization with the 
CPU. 


A numeric instruction appears as an ESCAPE in- 
struction to the CPU. Both the CPU and 8087 de- 
code and execute the ESCAPE instruction together. 
The 8087 only recognizes the numeric instructions 
shown in Table 5. The start of a numeric operation is 
accomplished when the CPU executes the ESCAPE 
instruction. The instruction mayor may not identify a 
memory operand. 


The CPU does, however, distinguish between ESC 
instructions that reference memory and those that 
do not. If the instruction refers to a memory operand, 
the CPU calculates the operand's address using any 
one of its available addressing modes, and then per- 
forms a "dummy read" of the word at that location. 
(Any location within the 1M byte address space is 
allowed.) This is a normal read cycle except that the 
CPU ignores the data it receives. If the ESC instruc- 
tion does not contain a memory reference (e.g. an 
8087 stack operation), the CPU simply proceeds to 
the next instruction. 


An 8087 instruction can have one of three memory 
reference options: (1) not reference memory; (2) 
load an operand word from memory into the 8087; or 
(3) store an operand word from the 8087 into memo- 
ry. If no memory reference is required, the 8087 sim- 
ply executes its instruction. If a memory reference is 
required, the CU uses a "dummy read" cycle initiat- 
ed by the CPU to capture and save the address that 
the CPU places on the bus. If the instruction is a 
load, the CU additionally captures the data word 
when it becomes available on the local data bus. If 
data required is longer than one word, the CU imme- 
diately obtains the bus from the CPU using the 
request! grant protocol and reads the rest of the in- 
formation in consecutive bus cycles. In a store oper- 
ation, the CU captures and saves the store address 
as in a load, and ignores the data word that follows 
in the "dummy read" cycle. When the 8087 is ready 
to perform the store, the CU obtains the bus from 
the CPU and writes the operand starting at the spec- 
ified address. 


The NEU executes all instructions that involve the 
register stack; these include arithmetic, logical, tran- 
scendental, constant and data transfer instructions. 
The data path in the NEU is 84 bits wide (68 frac- 
tions bits, 15 exponent bits and a sign bit) which 
allows internal operand transfers to be performed at 
very high speeds. 


When the NEU begins executing an instruction, it 
activates the 8087 BUSY signal. This signal can be 
used in conjunction with the CPUWAIT instruction to 
resynchronize both processors when the NEU has 
completed its current instruction. 


The CPU+ 8087 register set is shown in Figure 3. 
Each of the eight data registers in the 8087's regis- 
ter stack is 80 bits and is divided into "fields" corre- 
sponding to the 8087's temporary real data type. 


At a given point in time the TOP field in the control 
word identifies the current top-of-stack register. A 
"push" operation decrements TOP by 1 and loads a 
value into the new top register. A "pop" operation 
stores the value from the current top register and 
then increments TOP by 1. Like CPU stacks in mem- 
ory, the 8087 register stack grows "down" toward 
lower-addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the top of the stack. These instruc- 
tions implicitly address the register pointed to by the 
TOP. Other instructions allow the programmer to ex- 
plicitly specify the register which is to be used. Ex- 
plicit register addressing is "top-relative." 


The status word shown in Figure 6 reflects the over- 
all state of the 8087; it may be stored in memory and 
then inspected by CPU code. The status word is a 
16-bit register divided into fields as shown in Figure 
6. The busy bit (bit 15) indicates whether the NEU is 
either executing an instruction or has an interrupt 
request pending (B= 1), or is idle (B= 0). Several 
instructions which store and manipulate the status 
word are executed exclusively by the CU, and these 
do not set the busy bit themselves. 


inter 


NOTES: 
1. IR is set if any unmasked 
exception 
bit is set, cleared 
otherwise. 
2. See Table 
3 for condition 
code 
interpretation. 


3. Top Values: 
000 = Register 
0 is Top of Stack. 


001 = Register 
1 is Top of Stack . 
•• 


INVALID OPERATION 


DENORMAl,IZED 
OPERAND 


ZERO 
DIVIDE 


OVERFLOW 


UNOERFLOW 


PRECISION 


(RESERVED) 


INTERRUPT 
REQUESTll) 


CONDITION 
CODE'" 


TOP 
OF STACK 
POINTERl') 


NEU 
BUSV 


The four numeric condition code bits (CO-C3) are 
similar to flags in a CPU: various instructions update 
these bits to reflect the outcome of the 8087 opera- 
tions. The effect of these instructions on the condi- 
tion code bits is summarized in Table 4. 


Bits 14-12 of the status word point to the 8087 reg- 
ister that is the current top-of-stack (TOP) as de- 
scribed above. 


Bit 7 is the interrupt request bit. This bit is set if any 
unmasked exception bit is set and cleared other- 
wise. 


Bits 5-0 are set to indicate that the NEU has detect- 
ed an exception while executing an instruction. 


Tag Word 


The tag word marks the content of each register as 
shown in Figure 7. The principal function of the tag 
word is to optimize the 8087's performance. The tag 
word can be used, however, to interpret the con- 
tents of 8087 registers. 


The instruction and data pointers (see Figure 8) are 
provided for user-written error handlers. Whenever 
the 8087 executes a math instruction, the CU saves 
the instruction address, the operand address (if 
present) and the instruction opcode. 8087 instruc- 
tions can ,store this data into memory. 


TAG 
VALUES: 


00 
~ 
VALID 
01 = ZERO 
10 ~ 
SPECIAL 
11 ~ 
EMPTY 
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Instruction 


C3 
C2 
C1 
Co 
Interpretation 
Type 


Compare, 
Test 
0 
0 
X 
0 
ST > Source or 0 (FTST) 


0 
0 
X 
1 
ST < Source or 0 (FTST) 


1 
0 
X 
0 
ST = Source or 0 (FTST) 
1 
1 
X 
1 
ST is not comparable 


Remainder 
01 
0 
00 
02 
Complete 
reduction 
with 


three low bits of quotient 
(See Table 4b) 
U 
1 
U 
U 
Incomplete 
Reduction 


Examine 
0 
0 
0 
0 
Valid, positive unnormalized 


0 
0 
0 
1 
Invalid, positive, exponent 
= 0 


0 
0 
1 
0 
Valid, negative, 
un normalized 


0 
0 
1 
1 
Invalid, negative, 
exponent 
= 0 


0 
1 
0 
0 
Valid, positive, 
normalized 


0 
1 
0 
1 
Infinity, positive 


0 
1 
1 
0 
Valid, negative, 
normalized 


0 
1 
1 
1 
Infinity, negative 
1 
0 
0 
0 
Zero, positive 
1 
0 
0 
1 
Empty 


1 
0 
1 
0 
Zero, negative 


1 
0 
1 
1 
Empty 
1 
1 
0 
0 
Invalid, positive, 
exponent 
= 0 


1 
1 
0 
1 
Empty 


1 
1 
1 
0 
Invalid, negative, 
exponent 
= 0 
1 
1 
1 
1 
Empty 


NOTES: 
1. ST = Top of stack 
2. X = value is not affected by instruction 
3. U = value is undefined following instruction 
4. Qn = Quotient bit n 


Table 
4b. Condition 
Code 
Interpretation 


after 
FPREM Instruction 
As a 


Function 
of Divided 
Value 


MEMORY 
OFFSET 


Dividend 
Range 
02 
01 
00 


Dividend < 2 • Modulus 
C31 
C11 
00 


Dividend < 4 • Modulus 
C31 
01 
00 


Dividend 
~ 4 • Modulus 
02 
01 
00 


NOTE: 
1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 


CONTROL WORD 


STATUS WORD 


TAG WORD 


INSTRUCTION POINTER(15-0) 


INSTRUCTION 
INSTRUCTION 


POINTER(19-16) 
0 
OPCODE (10-0) 


DATA POINTER (15-0) 


DATA POINTER 
(19-16) 


Figure 
8. 8087 Instruction 
and Data Pointer 


Image 
In Memory 
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The 8087 provides several processing options which 
are selected by loading a word from memory into the 
control word. Figure 9 shows the format and encod- 
ing of the fields in the control word. 


The low order byte of this control word configures 
8087 interrupts and exception masking. Bits 5-0 of 
the control word contain'individual masks for each of 
the six exceptions that the 8087 recognizes and bit 7 
contains a general mask bit for all 8087 interrupts. 
The high order byte of the control word configures 
the 8087 operating mode including precision, round- 
ing, and infinity controls. The precision control bits 
(bits 9-8) can be used to set the 8087 internal oper- 
ating precision at less than the default of temporary 
real precision. This can be useful in providing com- 
patibility with earlier generation arithmetic proces- 
sors of smaller precision than the 8087. The round- 
ing control bits (bits 11-10) 
provide for directed 


rounding and true chop as well as the unbiased 
round to nearest mode specified in the proposed 
IEEE standard. Control over closure of the number 
space at infinity is also provided (either affine clo- 
sure, ± 00, or projective closure, 
00, is treated as 


unsigned, may be specified). 


NOTES: 
1. Precision 
Control 
00 = 24 bits 
01 = Reserved 
10 = 53 bits 
11 = 64 bits 


Exception 
Handling 


The 8087 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause an interrupt if unmasked 
and interrupts are enabled. 


If interrupts are disabled the 8087 will simply contin- 
ue execution regardless of whether the host clears 
the 
exception. 
If a specific 
exception 
class 
is 


masked and that exception occurs, however, the 
8087 will post the exception in the status register 
and perform an on-chip default exception handling 
procedure, thereby allowing processing to continue. 
The exceptions that the 8087 detects are the follow- 
ing: 
1. INVALID OPERATION: Stack overflow, stack un- 


derflow, indeterminate form (0/0, 
00 
- 
00, etc.) 


or the use of a Non.:Number (NAN) as an oper- 
and. An exponent value is reserved and any bit 
pattern with this value in the exponent field is 
termed a Non-Number and causes this exception. 
If this exception is masked, the 8087's default re- 
sponse is to generate a specific NAN called IN- 
DEFINITE, or to propagate already existing NANs 
as the calculation result. 


INVALID 
DPERAnDN 


DENORMALIZED 
OPERAND 


ZERO 
DIVIDE 


OVERFLOW 


UNDERFLOW 


PRECISION 


(RESERVED) 


INTERRUPT 
MASK 
(I 
• INTERRUPTS 
ARE 
MASKED) 


PRECISION 
CONTROll11 


ROUNDING 
CONTROLltI 


INFINITY 
CONTROL 
(0 • PROJECTIVE. 
I • AFFINE) 


(RESERVED) 


2. Rounding 
Control 


00 = Round 
to Nearest 
or Even 
01 = Round 
Down 
(toward 
- 00) 


10 = Round 
Up (toward + 00) 


11 = Chop 
(truncate 
toward 
zero) 


-- 
- 
- -- 
- 
- --- 
- ----_.- 
--- 
._'>:1- 
.... 
---Q 
•••• 
_-- 


to fit the specified 
format. 
The 8087 will generate 


an 
encoding 
for 
infinity 
if 
this 
exception 
is 


masked. 


3. ZERO DIVISOR: The divisor is zero while the divi- 


dend 
is a non-infinite, 
non-zero 
number. 
Again, 
the 8087 will generate 
an encoding 
for infinity 
if 
this exception 
is masked. 


4. UNDERFLOW: 
The 
result 
is 
non-zero 
but 
too 


small in magnitude 
to fit in the specified 
format. 
If 


this exception 
is masked 
the 8087 will denormal- 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-1.0V 
to +7V 


Power Dissipation 
3.0 Watt 


~~~g;.";:hi;"p;o~~s~ 
i~'~~il;d'gr~d~;i'~~d;rli~;":" 
. 


5. DENORMALIZED 
OPERAND: 
At least one of the 


operands 
or the result is denormalized; 
it has the 


smallest 
exponent 
but 
a 
non-zero 
significand. 


Normal 
processing 
continues 
if this exception 
is 


masked 
off. 


6. INEXACT 
RESULT: 
If the true result is not exactly 


representable 
in the specified 
format, 
the result is 


rounded 
according 
to the rounding 
mode, and this 


flag is set. If this exception 
is masked, 
processing 


will simply continue. 
. 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Vil 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0 
Vcc + 0.5 
V 


VOL 
Output 
Low Voltage 
(Note 8) 
0.45 
V 
IOl = 2.5mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400 
!LA 


Icc 
Power Supply Current 
475 
mA 
TA = 25°C 


III 
Input Leakage Current 
±10 
!LA 
OV ~ VIN ~ Vcc 


ILO 
Output Leakage Current 
±10 
!LA 
TA = 25°C 


VCl 
Clock Input Low Voltage 
-0.5 
0.6 
V 


VCH 
Clock Input High Voltage 
3.9 
VCC + 1.0 
V 


CIN 
Capacitance 
of Inputs 
10 
pF 
fc = 1 MHz 


CIO 
Capacitance 
of 1/0 Buffer 
15 
pF 
fc = 1 MHz 
(ADO-15, 
A16-A19' 
BHE, 52-SO, 
RQ/GT) 
and CLK 


COUT 
Capacitance 
of Outputs 
10 
pF 
fc = 1 MHz 
BUSYINT 


inter 


l 
8087·1 
8087 
8087·2 
(Preliminary: 


Symbol 
Parameter 
Note 
7) 
Units 
Test Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TCLCL 
CLK Cycle Period 
200 
500 
125 
500 
100 
500 
ns 


TCLCH 
CLKLowTime 
118 
68 
53 
ns 


TCHCL 
CLK High Time 
69 
44 
39 
ns 


TCH1CH2 
CLK Rise Time 
10 
10 
15 
ns 
From 1.0V to 3.5V 


TCL2CL2 
CLK Fall Time 
10 
10 
15 
ns 
From 3.5V to 1.0V 


TDVCL 
Data In Setup Time 
30 
20 
15 
ns 


TCLDX 
Data In Hold Time 
10 
10 
10 
ns 


TRYHCH 
READY Setup Time 
118 
68 
53 
ns 


TCHRYX 
READY Hold Time 
30 
20 
5 


- 


ns 


TRYLCL 
READY Inactive to CLK (Note 6) 
-8 
-8 
-10 
ns 


TGVCH 
RO/GT 
Setup Time (Note 8) 
30 
15 
15 
ns 


TCHGX 
RO/GT 
Hold Time 
40 
30 
20 
ns 


TOVCL 
OSO-1 
Setup Time (Note 8) 
30 
30 
30 
ns 
- 


TCLOX 
OSO-1 
Hold Time 
10 
10 
5 
ns 


TSACH 
Status Active Setup Time 
30 
30 
30 
ns 


TSNCL 
Status Inactive Setup Time 
30 
30 
30 
ns 


TILIH 
Input Rise Time (Except CLK) 
20 
20 
20 
ns 
From 0.8V to 2.0V 


TIHIL 
Input Fall Time (Except CLK) 
12 
12 
15 
ns 
From 2.0V to 0.8V 


8087·1 
8087 
8087-2 
(Preliminary: 


Symbol 
Parameter 
Note 7) 
UnIts 
Test Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TCLML 
Command 
Active Delay 
10/0 
35/70 
-10/0 
35/70 
10/0 
35/70 
ns 
CL = 20-100 
pF 
(Notes 
1, 2) 
for all 8087 Outputs 


TCLMH 
Command 
Inactive 
Delay 
10/0 
35/55 
10/0 
35/55 
10/0 
35/70 
ns 
(in addition 
to 8087 


(Notes 1, 2) 
self-load) 


TRYHSH 
Ready Active to Status 
110 
65 
45 
ns 


Passive (Note 5) 


TCHSV 
Status Active Delay 
10 
110 
10 
60 
10 
45 
ns 


TCLSH 
Status Inactive 
Delay 
10 
130 
10 
70 
10 
55 
ns 


TCLAV 
Address 
Valid Delay 
10 
110 
10 
60 
10 
55 
ns 


TCLAX 
Address 
Hold Time 
10 
10 
10 
ns 


inter 


8087·1 


Symbol 
Parameter 
8087 
8087·2 
(Preliminary: 
Units 
Test Conditions 
Note 
7) 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TCLAZ 
Address 
Float Delay 
TCLAX 
80 
TCLAX 
50 
TCLAX 
45 
ns 
CL = 20-100 
pF 


TSVLH 
Status Valid to ALE High 
15/30 
15/30 
15/30 
ns 
for all 8087 Outputs 


(Notes 
1, 2) 
(in addition 
to 8087 


TCLLH 
CLK Low to ALE Valid 
15/30 
15/30 
15/30 


self-load) 


ns 


(Notes 
1, 2) 


TCHLL 
ALE Inactive 
Delay 
15/30 
15/30 
15/30 
ns 


(Notes 
1, 2) 


TCLDV 
Data Valid Delay 
10 
110 
10 
60 
10 
50 
ns 


TCHDX 
Status Hold Time 
10 
10 
10 
45 
ns 


TCLDOX 
Data Hold Time 
10 
10 
10 
ns 


TCVNV 
Control Active Delay 
5 
45 
5 
45 
5 
45 
ns 


(Notes 1, 3) 


TCVNX 
Control 
Inactive 
Delay 
10 
45 
10 
45 
10 
45 
ns 


(Notes 
1, 3) 


TCHBV 
BUSY and INT Valid Delay 
10 
150 
10 
85 
10 
65 
ns 


TCHDTL 
Direction 
Control Active 
50 
50 
50 
ns 


Delay (Notes 1, 3) 


TCHDTH 
Direction 
Control 
Inactive 
30 
30 
30 
ns 


Delay (Notes 1, 3) 


TSVDTV 
STATUS to DT /R Delay 
0 
30 
0 
30 
0 
30 
ns 


(Notes 1, 4) 


TCLDTV 
DT /R Active Delay 
0 
55 
0 
55 
0 
55 
ns 


(Notes 1, 4) 


TCHDNV 
DEN Active Delay 
0 
55 
0 
55 
0 
55 
ns 


(Notes 1, 4) 


TCHDNX 
DEN Inactive 
Delay 
5 
55 
5 
55 
5 
55 
ns 


(Notes 1,4) 


TCLGL 
RQ/GT 
Active Delay 
0 
85 
0 
50 
0 
38 
ns 
CL =40 
pF (in 
(Note 8) 
addition 
to 8087 


TCLGH 
RQ/GT 
Inactive Delay 
0 
85 
0 
50 
0 
45 
ns 
self-load) 


TOLOH 
Output Rise Time 
20 
20 
15 
ns 
From 0.8V to 2.0V 


TOHOL 
Output Fall Time 
12 
12 
12 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Signal 
at 8284A, 
8288. 
or 82188 
shown 
for reference 
only. 
2.8288 
timing/82188 
timing. 


3. 8288 timing. 
4.82188 
timing. 


5. Applies 
only to T3 and wait states. 


6. Applies 
only to T2 state 
(8 ns into T3)' 
7. IMPORTANT 
SYSTEM 
CONSIDERATION: 
Some 
8087-1 
timing 
parameters 
are constrained 
relative 
to the corresponding 
8086-1 
specifications. 
Therefore, 
8086-1 
systems 
incorporating 
the 8087-1 
should 
be designed 
with 
the 8087-1 
specifica- 


tions. 
8. Changes 
since 
last revision. 


inter 


DEVICE 
UNDER 
TEST 


205835-8 


A.C.Testing:Inputsaredrivenat 2.4Vfor a logic "1" and0.45V 
for a logic "0". 


• ••• Y.-. 
'OOUT){ 
•••• NOn ~ 


j 


OTIii 


_0UTPUt0 
- 
(IU NOrU'1) 
IMOC 


0.0 


,. 
0UTPUt0 
{ 
••• 
•••• NOn', 
7) 
......,.c 


INTC 


NOTES: 
205835-10 
1. All signals switch between Val and VOHunless otherwise specified. 
2. READY is sampled near the end of T2, T3 and Tw to determine if Tw machine states are to be inserted. 
3. The local bus floats only if the 8087 is returning control to the 8086/8088. 
4. ALE rises at later of (TSVLH, TCLLH). 
5. Status inactive in state just prior to T4. 
6. Signals at 8284A or 8288 are shown for reference only. 
7. The issuance of 8288 command and control signals (MRDC, (MWTC, AMWC, and DEN) lags the active high 8288 
CEN. 
8. All timing measurements are made at 1.5V unless otherwise noted. 


inter 


READY 
(_7 
INPUT) 
{ 
(SEE NOTE 2) 


TSYDTV 
TCLDTV 


{ 


(8E~.r~"n: I) 


121. 
OUTPUTS 
RD 
(SEE NOTES 
',7) 


DEN 


{: 
WR 


NOTES: 
205835-11 
1. All signals 
switch 
between 
VOL and VOH unless 
otherwise 
specified. 


2. AEADY 
is sampled 
near the end of T2, T3 and Tw to determine 
if Tw machine 
states 
are to be inserted. 


3. The local bus floats 
only if the 8087 is returning 
control 
to the 80186/80188. 
4. ALE rises at later of (TSVLH. 
TCLLH). 


5. Status 
inactive 
in state just prior to T4. 


6. Signals 
at 8284A 
or 82188 
are shown 
for reference 
on'L- 


7. The 
issuance 
of 8288 
command 
and control 
signals 
(MADC, 
(MWTC. 
AMWC, 
and 
DEN) 
lags the active 
high 8288 
CEN. 
8. All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 
9~ DT /R" becomes 
valid at the later of (TSVDTV, 
TCLDTV). 


READY 
{ 
IN= 


"'20 
ClK 
CYCLES 


",. 
ClK 
CYCLES 


8017 READY TO 


EXECUTE 
INSTRUCTIONS 


205835-13 


ADlI-ADo 
A,,1S,-A,,II, 
8,.1,.1, 
llJl!/S7 


_r-~~g:~ 
-0 


TCLOL 


~ 


NOTE: 
The CPU provides 
active 
pUliup of FID/<TIO, see TCLGH 
spec. 


AD1s-ADo 
A,,18.-A1./S, 
s"f"I, 
iiHE/S7 


ALTERNATE 
MASTER 


(SEE NOTE) 


NOTE: 
Alternate 
master 
may not drive the buses outside 
of the region 
shown 
without 
risking 
bus contention. 


CLK ''-------tf 


BUSY,INT 
----. 
------ 


-TC-HBY 
-- 


Long Integer Memory to STIO) 
I ESCAPE 


Temporary 
Real Memory to 
I ESCAPE 
0 


STIO) 


BCD Memory to STIO) 
I ESCAPE 


STII) to STIO) 
I ESCAPE 
0 
0 


FST - 
STORE 


ST(O) to Integer/Real 
Memory 


FSTP = STORE AND POP 


ST(O) to Integer/Real 
Memory 


STIO) to Temporary 
Real 
Memory 


STIO) to BCD Memory 


Comparison 


FCOM = Compare 


Integer/Rea' 
Memory to STIO) 


Integer/Real 
Memory to ST(O) 


ST(I) to STIO) 


FCOMPP = Compare ST(1) to 
STIO) and Pop Twice 


FTST = Test STIO) 


I ESCAPE 
MF 


I ESCAPE 
1 
0 


I ESCAPE 
MF 


I ESCAPE 
I ESCAPE 
0 


I ESCAPE 


I ESCAPE 
0 


I ESCAPE 
0 
0 
1 


I ESCAPE 


I ESCAPE 


I ESCAPE 
MF 
0 
I ESCAPE 
0 
0 
0 


I ESCAPE 
0 


I ESCAPE 
0 
0 


I ESCAPE 
0 
0 


Optlona' 
',1' Bit 
D1ap1ac.m.n' 


MOD 
0 
RIM [-- 
DISP 
=: 


MOD 
0 
RIM [ 
=_ 
..o1~P_=: 


MOD 
0 
0 
RIM [ 
~ 
_ 
~I~P _ J 


1 
1 
0 
0 
0 
STII) I 


o 
RIM [- 


o 
ST(i) I 


1 
1 
0 
0 
1 
ST(i)I 


o 
RIM 
[ 
- 


o 
ST(i) I 


MOD 
0 
RIM 
[ 
DISP 


o 
STII) 
I 


o 
0 
0 
I 


o 
0 
0 
0 I 


o 
0 
0 
I 


Clock Count Ra"9. 


32 Bit 
32 Bit 
14 Bit 


R.a' 
'n,eg., 
R.al 


84-90 
82-92 


+EA 
+EA 


15-22 


86-92 
84-94 
98-106 


+EA 
+EA 
+EA 


94-105 
+ EA 


63-73 
80-93 
+EA 
+EA 
.5-52 


IaUlv..,. 
uvu. 
~A"lii"O''''''iiJ 
.'" 
•••.•• 'IV, 
IVV IIIU.IWV ••_I._ -_.- \-...,......_--, 


Optional 
Clock 
Count 
Range 


1,11 Bit 
32 Bit 
32 Bit 
14 Bit 
11BII 


Constants 
Dllpl8cement 
Real 
Integer 
Real 
Integer 


MF 
00 
01 
10 
11 


FLDZ 
~ LOAD + 0.0 into ST(O) 
ESCAPE 
0 
0 
1 
1 
1 
0 
1 
1 
1 
0 
11-17 


FLD1 = LOAD + 1.0 into ST(O) 
ESCAPE 
0 
0 
0 
0 
0 
0 
15-21 


FLDPI 
= LOAD" 
into ST(O) 
ESCAPE 
0 
0 
0 
0 
16-22 


FLDUT 
~ LOAD 1092 10 into 
ESCAPE 
0 
0 
0 
0 
16-22 
ST(O) 


FLDLZE 
= LOAD 1092 e into 
ESCAPE 
0 
0 
0 
0 
0 
15-21 
ST(O) 


FLDLG2 
~ LOAD 10g,0 2 into 
ST(O) 
ESCAPE 
0 
0 
1 
0 
0 
0 
18-24 


FLDLN2 
~ LOAD log.2 
into 
ESCAPE 
0 
0 
0 
17-23 
ST(O) 


Arithmetic 


FADD ~ Add ition 


Integer/Real 
Memory 
with 
ST(O) 
ESCAPE 
MF 
0 
MOD 
0 
0 
0 
RIM 
[ DISP 
I 
90-120 
108-143 
95-125 
102-137 
i 
+EA 
+EA 
+EA 
+EA 


ST(i) and ST(O) 
ESCAPE 
d 
P 
1 
1 
0 
0 
0 
ST(i) 
I 
70-100 
(Note 
1) 


FlUB 
~ Subtraction 


Integer/Real 
Memory 
with 
ST(O) 
ESCAPE 
MF 
0 
MOD 
1 
0 
R 
RIM 
[ 
DISP 
"i 
90-120 
108-143 
95-125 
102-137 
j 
+EA 
+EA 
+EA 
+EA 


ST(i) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
1 
0 
R 
R/M 
l 
70-100 
(Note 
1) 


FMUL 
~ Multiplication 


Integer/Real 
Memory 
with 
ST(O) 
ESCAPE 
MF 
0 
MOD 
0 
RIM 
[ 
DISP 
I 
110-125 
130-144 
112-168 
124-138 
i 
+EA 
+EA 
+EA 
+EA 


ST(i) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
0 
0 
RIM 
I 
90-145 
(Note 1) 


FDIV = Division 
[ 
Integer/Real 
Memory 
with 
ST(O) 
ESCAPE 
MF 
0 
MOD 
R 
RIM 
DISP 
I 
215-225 
230-243 
220-230 
224-238 
i 
+EA 
+EA 
+EA 
+EA 


ST(i) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
R 
R/M 
I 
193-203 
(Note 
1) 


FSQRT = Square 
Root of ST(O) 
ESCAPE 
0 
0 
0 
0 
180-186 


FSCALE 
= Scale ST(O) by ST(I) 
ESCAPE 
0 
0 
0 
32-38 


FPREM 
~ Partial 
Remainder 
of 
ESCAPE 
0 
0 
1 
1 
1 
1 
1 
0 
0 
0 
15-190 
ST(O) +ST(I) 


FRNDINT 
= Round 
ST(O) to 
ESCAPE 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 I 
16-SO 
Integer 


205635-16 


NOTE: 
1. If P = 1 then add 5 clocks. 


2-202 


FA8S = Absolute 
Value of 
STlO) 


FCHS = Change 
Sign of ST(O) 


Trenecendentel 


FPTAN = Partial 
Tangent 
of 
ST(O) 


FPATAN = Partial 
Arctangent 
of STlO) +ST(1) 


F2XM1 
= 25T(01_1 


FYL2X 
~ STll)· 
L092 
ISTlOll 


FYL2XP1 
= STll)· 
Log, 
(ST(O) +lJ 


Proceaaor 
Control 


FIN IT = Initialized 8087 


Optional 
',1' 811 
Olaplacament 


R/M~ 
~ ~ ~I~~~~: 


I~.~~I~~~J 


[~~~~~J 
I=~~I~~=J 
[~:~~~.~.J 
I-~?~~J 


inter 


ESCAPE 
1 
0 
1 I 
1 , 
0 
0 
0 
ST(i) 


ESCAPE 
0 
0 , I 
1 
1 
0 
1 
0 
0 
0 
0 


1 
0 
0 , , 
0 , , I 


NOTES: 
1. if mod = 00 then OISP = 0'. disp-Iow and disp-high are absent 


if mod = 01 then OISP = disp-Iow sign-extended to 16-bits, disp-high is absent 
if mod = 10 then OISP = disp-high; disp-Iow 
if mod = 11 then rim is treated as an ST(i) field 


2. if rim = 000 then EA = (BX) + (SI) + OISP 


if rim = 001 then EA = (BX) + (01) + OISP 
if rim = 010 then EA = (BP) + (SI) + OISP 
if rim = 011 then EA = (BP) + (01) + OISP 
if rim = 100 then EA = (SI) + OISP 
if rim = 101 then EA = (01) + OISP 
if rim = 110 then EA = (BP) + OISP 
if rim = 111 then EA = (BX) + OISP 
'except if mod = 000 and rim = 110 then EA = disp-high; disp-Iow. 


3. MF = Memory Format 
00-32-bit Real 
01-32-bit Integer 
10-64-bit Real 
11-16-bit Integer 
4. ST(O) = Current stack top 
ST(i) = i1hregister below stack top 


5. d = Destination 
o-Oestination 
is ST(O) 
1-0estination 
is ST(i) 
6. P = Pop 
o-No 
pop 
1-Pop 
ST(O) 
7. R = Reverse: When d = 1 reverse the sense of R 


o-Oestination 
(op) Source 


1-Source 
(op) Destination 


8. For FSQRT: 
- 0 ,;; ST(O) ,;; + 00 


For FSCALE: 
-215,;; 
ST(1) < +215 and ST(1) integer 
For F2XM1: 
0,;; ST(O) ,;; 2-1 
For FYL2X: 
0 < ST(O) < 00 
-00 
< ST(1) < +00 
For FYL2XP1: 
0,;; 
IST(O)I< (2 - 
V2)/2 


-00 
< ST(1) < 00 
For FPTAN: 
0,;; ST(O) ,;; 1T/4 


For FPATAN: 
0,;; ST(O) < ST(1) < + 00 


CHMOS CLOCK GENERATOR AND DRIVER 
FOR SOCS6,SOCSSPROCESSORS 


• 
Generates the System Clock for the 
80C86, 80C88 Processors: 


82C84A-5 for 5 MHz 
82C84A for 8 MHz 


• 
Pin Compatible with Bipolar 8284A* 


• 
Uses a Crystal or an External 
Frequency Source 


• 
Provides Local READY and MULTIBUS@ 
READY Synchronization 


• 
Generates System Reset Output from 
Schmitt Trigger Input 


• 
Capable of Clock Synchronization 
with 


other 82C84As 


• 
Low Power Consumption 


• 
Single 5V Power Supply 


• 
TIL Compatible Inputs/Outputs 


• 
Available in 18·Lead Plastic DIP 


(See 
Packaging 
Spec., 
Order 
#231369) 


The Intel 82C84A 
is a high performance 
CHMOS 
clock generator-driver 
designed 
to service 
the requirements 
of the 80C86/88 
and 8086188. 
Power consumption 
is a fraction 
of that of equivalent 
bipolar circuits. 
The chip 
contains 
a crystal 
controlled 
oscillator, 
a divide-by-three 
counter 
and complete 
READY 
synchronization 
and 
reset logic. Crystal controlled 
operation 
up to 15, 25 MHz utilizes a parallel, fundamental 
mode crystal and two 
small load capacitors. 


Control 
Logical 1 
Logical 0 
Pin 
FIC 
External 
Crystal 


Clock 
Drive 


RES 
Normal 
Reset 


RDY1 
Bus Ready 
Bus not 


RDY2 
ready 


AEN 1 
Address 
Address 


AEN2 
Disabled 
Enabled 


ASYNC 
1 Stage Ready 
2 Stage Ready 


Synchronization 
Synchronization 


CSYNC 


PClK 


AENl 


RDYl 


READY 


RDY2 
A!R2 


ClK 


GND 


Vcc 


Xl 


X2 
~ 


EFI 


FIll" 


OSC 


RES 


RESET 


82C84A 
18-Lead 
DIP Configuration 


inter 


Symbol 
Type 
Name and Function 


AEN1, 
I 
ADDRESS 
ENABLE: AEN is an active lOW 
signal. AEN serves to qualify 


AEN2 
its repective 
Bus Ready Signal (RDY1 or RDY2). AEN1 validates 
RDY1 


while AEN2 validates 
RDY2. Two AEN signal inputs are useful in system 


configurations 
which permit the processor 
to access two Multi-Master 


System Busses. In non Multi-Master 
configurations 
the AEN signal inputs 


are tied true (lOW). 


RDY1. 
I 
BUS READY: (Transfer 
Complete). 
ROY is an active HIGH signal which 
RDY2 
is an indication 
from a device located on the system data bus that data 


has been received, 
or is available. 
RDY1 is qualified 
by AEN1 while 


RDY2 is qualified 
by AEN2. 


ASYNC 
I 
READY SYNCHRONIZATION 
SELECT: ASYNC is an input which 


defines the synchronization 
mode of the READY logic. When ASYNC 
is 


lOW, 
two stages of READY synchronization 
are provided. 
When ASYNC 


is left open (an internal pull-up is provided) 
or HIGH a single stage of 


READY synchronization 
is provided. 


READY 
0 
READY: READY is an active HIGH signal which is the synchronized 
ROY 


signal input. READY is cleared 
after the guaranteed 
hold time to the 


processor 
has been met. 


X1, X2 
I 
CRYSTAL 
IN: X1 and X2 are the pins to which a crystal is attached. 
The 


crystal frequency 
is 3 times the desired processor 
clock frequency. 
(If no 


crystal is attached, 
then X1 should be tied to Vcc or GND and X2 should 


be left open.) 


F/C 
I 
FREQUENCY 
ICRYSTAL 
SELECT: FIC is a strapping 
option. When 


strapped 
lOW, 
FIC permits the processor's 
clock to be generated 
by the 


crystal. When FIC is strapped 
HIGH, ClK 
is generated 
from the EFI 


input. 


EFI 
I 
EXTERNAL 
FREQUENCY: 
When F/C is strapped 
HIGH, ClK 
is 


generated 
from the input frequency 
appearing 
on this pin. The input 


signal is a square wave 3 times the frequency 
of the desired ClK 
output. 


When FIC is strapped 
lOW, 
EFI should be tied HIGH or lOW. 


ClK 
0 
PROCESSOR 
CLOCK: ClK 
is the clock output used by the processor 


and all devices which directly connect 
to the processor's 
local bus (i.e., 


the bipolar support 
chips and other MOS devices). 
ClK 
has an output 


frequency 
which is % of the crystal or EFI input frequency 
and a % duty 


cycle. 


PClK 
0 
PERIPHERAL 
CLOCK: PClK 
is a TTl 
level peripheral 
clock signal 


whose output frequency 
is % that of ClK 
and has a 50% duty cycle. 


OSC 
0 
OSCILLATOR 
OUTPUT: 
OSC is the TTl 
level output of the internal 


oscillator 
circuitry. 
Its frequency 
is equal to that of the crystal. 


RES 
I 
RESET IN: RES is an active lOW 
signal which is used to generate 


RESET. The 82C84A 
provides 
a Schmitt trigger input so that an RC 


connection 
can be used to establish 
the power-up 
reset of proper 


duration. 


Symbol 
Type 
Name and Function 


RESET 
0 
RESET: RESET is an active HIGH signal which is used to reset the 
80C86/88 family processors. Its timing characteristics are 
determined by RES. 


CSYNC 
I 
CLOCK SYNCHRONIZATION: 
CSYNC is an active HIGH signal 


.,! 
which allows multiple 82C84A's to be synchronized to provide clocks 
that are in phase. When CSYNC is HIGH the internal counters are 
reset. When CSYNC goes lOW the internal counters are allowed to 


,- 
resume counting. CSYNC needs to be externally synchronized to EFI. 
When using the internal oscillator CSYNC should be hardwired to 
ground. 


GND 
GROUND. 


Vcc 
POWER: + 5V supply. 
" 
. 


The oscillator circuit of the 82C84A is designed pri- 
marily for use with an external parallel resonant, fun- 
damental mode crystal from which the basic operat- 
ing frequency is derived. 


The crystal frequency should be selected at three 
times the required CPU clock. X1 and X2 are the two 
crystal input crystal connections. For the most sta- 
ble operation of the oscillator (OSC) output circuit, 
two capacitors (C1 = C2) as shown in the waveform 
figures are recommended. The output of the oscilla- 
tor is buffered and brought out on OSC so that other 
system timing signals can be derived from this sta- 
ble, crystal-controlled source. 


Capacitors C1, C2 are chosen such that their com- 
bined capacitance: 


CT = C1· C2 
(Including stray capacitance) 


C1 + C2 


matches the load capacitance as specified by the 
crystal manufacturer. This insures operation within 
the frequency tolerance specified by the crystal 
manufacturer. 


The clock generator consists of a synchronous di- 
vide-by-three counter with a special clear input that 
inhibits the counting. This clear input (CSYNC) al- 
lows the output clock to be synchronized with an 
external event (such as another 82C84A clock). It is 
necessary to synchronize the CSYNC input to the 
EFI clock external to the 82C84A. This is accom- 
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plished with two Schottky flip-flops. The counter out- 
put is a 33% duty cycle clock at one-third the input 
frequency. 


The F/C input is a strapping pin that selects either 
the crystal oscillator or the EFI input as the clock for 
the + 3 counter. If the EFI input is selected as the 
clock source, the oscillator section can be used in- 
dependently for another clock source. Output is tak- 
en from OSC. 


The ClK ouput is a 33% duty cycle MOS clock driv- 
er designed to drive the 80C86/88 
processors di- 


rectly. PClK is a TTl 
level peripheral clock signal 


whose output frequency is % that of ClK. PClK has 
a 50% duty cycle. 


The reset logic provides a Schmitt trigger input 
(RES) and a synchronizing flip-flop to generate the 
reset timing. The reset signal is synchronized to the 
falling edge of ClK. A simple RC network can be 
used to provide power-on reset by utilizing this func- 
tion of the 82C84A. 


READY Synchronization 


Two READY inputs (RDY1, RDY2) are provided to 
accommodate 
two 
Multi-Master system 
busses. 


Each input has a qualifier (AEN1 and AEN2, respec- 
tively). The AEN signals validate their respective 
ROY signals. If a Multi-Master system is not being 
used the AEN pin should be tied lOW. 


Synchronization is required for all asynchronous ac- 
tive-going edges of either ROY input to guarantee 
that the ROY setup and hold times are met. Inactive- 
going edges of ROY in normally ready systems do 
not require synchronization but must satisfy ROY 
setup and hold as a matter of proper system design. 


The ASYNC input defines two modes of READY 
synchronization operation. 


When ASYNC is LOW, two stages of synchroniza- 
tion are provided for active READY input signals. 
Positive-going asynchronous READY inputs will first 
be synchronized to flip-flop' one at the rising edge of 
CLK and then synchronized to flip-flop two at the 
next falling edge of CLK, after which time the 
READY output will go active (HIGH). Negative-going 
asynchronous READY inputs will be synchronized 


directly to flip-flop two at the falling edge of CLK, 
after which time the READY output will go inactive. 
This mode of operation is intended for use by asyn- 
chronous (normally not ready) devices in the system 
which cannot be guaranteed by design to meet the re- 
quired ROYsetup timing, TRWCL,on each bus cycle. 


When ASYNC is HIGH, the first READY flip-flop is 
bypassed 
in the 
READY synchronization 
logic. 


READY inputs are synchronized by flip-flop two on 
the falling edge of CLK before they are presented to 
the processor. This mode is available for synchro- 
nous devices that can be guaranteed to meet the 
required ROY setup time. 


ASYNC can be changed on every bus cycle to se- 
lect the appropriate mode of synchronization for 
each device in the system. 


Supply Voltage 
-0.5V to 7.0V 


Input Voltage Applied 
-0.5V to Vcc + 0.5V 


Output Voltage Applied 
-0.5V to VCC+ 0.5V 


Storage Temperature 
- 65·C to + 150·C 


AmbientTemp. Under Bias 
O·Cto + 70·C 


Power.Dissipation 
1.0 Watt 


•Notice: Stresses above those listed under ':Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the di!vice at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Symbol 
Parameter 
·Mln 
Max 
Units 
Test Conditions 


Icc 
Operating Supply Current 
82C84A 
10 
mA 
25 MHz xtal, CL = 0 


82C84A-5 
10 
mA 
15 MHz xtal, CL = 0 


Iccs 
Stand By Supply Current (Note 1) 
100 
poA 


III 
Input 
ASYNC 
10 
IJoA 
ASYNC = Vcc 


Leakage 
Only 
-130 
poA 
ASYNC = GND 
Current 
(Note 2) 
All Other Pins 
±1.0 
poA 
OVs: VIN s: Vcc 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input lOW 
Voltage 
0.8 
V 


VIH 
Input HIGH Voltage 
2.2 
VCC + 0.5 
V 


VIHR 
Reset Input HIGH Voltage 
0.6Vcc 
V 


VOL 
Output lOW 
Voltage 
0.4 
V 
ClK: 
IOL = 4 mA 


Others: 
IOL = 2.5 mA 


VOH 
Output HIGH Voltage 
VCC - 
0.4 
V 
ClK: 
IOH = -4 
mA 


V 
Others: 
IOH = - 2.5 mA 


VIHR-VILR 
RES Input Hysteresis: 
82C84A 
0.15 
V 
82C84A-5 
0.25 
V 


CIN 
Input Capacitance 
7 
pF 
freq = 1 MHz 


NOTES: 
1. VIH, FIe:;, X1 ;;, Vcc - 
O.2V;EFI = Vcc or GND; ASYNC = Vcc or OPEN; X2 = OPEN; VIL :s: O.2V. 


2. An internal pUll-up resistor is implemented on the ASYNe:;input. 


82C84A 
82C84A-5 


Symbol 
Parameter 
Units 
Test Conditions 


Mln 
Max 
Mln 
Max 


tEHEL 
External 
Frequency 
HIGH Time 
13 
20 
ns 
90%-90% 
VIN 


tELEH 
External 
Frequency 
lOW 
Time 
13 
20 
ns 
10%-10% 
VIN 


tELEL 
EFI Period 
40 
66 
ns 
(Note 1) 


XTAl 
Frequency 
2.4 
25 
6.0 
15 
MHz 


tR1VCL 
RDY1, RDY2 Active Setup to ClK 
35 
35 
ns 
ASYNC = HIGH 


tR1VCH 
RDY1, RDY2 Active Setup to ClK 
35 
35 
ns 
ASYNC = lOW 


tR1VCL 
RDY1, RDY2 Inactive Setup to ClK 
35 
35 
ns 


teLR1X 
RDY1, RDY2 Hold to ClK 
0 
0 
ns 


tAYVCL 
ASYNC Setup to ClK 
50 
50 
ns 


teLAYX 
ASYNC Hold to ClK 
0 
0 
ns 


tA1VR1V 
AEN1, AEN2 Setup to RDY1, RDY2 
15 
15 
ns 


teLA1X 
AEN1, AEN2 Hold to ClK 
0 
0 
ns 


tYHEH 
CSYNC Setup to EFt 
20 
20 
ns 


tEHYL 
CSYNC Hold to EFI 
10 
20 
ns 


tYHYL 
CSYNCWidth 
2· 
tELEL 
2· 
tELEL 
ns 


tl1HCL 
RES Setup to ClK 
65 
65 
ns 
(Note 2) 


teU1 H 
RES Hold to ClK 
20 
20 
ns 
(Note 2) 


tlUH 
Input Rise Time 
15 
15 
ns 
(Note 1) 


tlHIL 
Input Fall Time 
15 
15 
ns 
(Note 1) 


Symbol 
Parameter 
Mln82C84A 
Mln 82C84A-5 
Max 
Units 
Test Conditions 


teLCL 
ClK Cycle Period 
125 
200 
ns 


teHCL 
ClK HIGH Time 
(%teLCU+2 
(%teLCU+2 
ns 


teLCH 
ClKlOWTime 
(% teLCU-15 
(%teLCU-15 
ns 


teH1CH2 ClK Rise or Fall Time 
10 
ns 
1.0Vto 3.5V 
teL2CL1 


tPHPL 
PClK HIGH Time 
teLCL-20 
teLCL-20 
ns 


tPLPH 
PClK lOW Time 
teLCL-20 
teLCL-20 
ns 


tRYLCL 
Ready Inactive to 
ClK (Note 4) 
-8 
-8 
ns 


tRYHCH 
Ready Active to ClK 
(Note 3) 
(% teLCU-15 
(% teLCU-15 
ns 


teUL 
ClK to Reset Delay 
40 
ns 


teLPH 
ClK to PClK HIGH DELAY 
22 
ns 


teLPL 
ClK to PClK lOW Delay 
22 
ns 


toLCH 
OSC to ClK HIGH Delay 
-5 
-5 
22 
ns 


toLCL 
OSC to ClK lOW Delay 
2 
2 
35 
ns 


toLOH 
Output Rise Time 
(except ClK) 
15 
ns 
From 0.8V to 2.0V 


toHOL 
Output Fall Time 
(except ClK) 
15 
ns 
From 2.0V to 0.8V 


NOTES: 
1. Transition 
between 
VILlmax) 
- 
O.4V and VIH(min) + O.4V. 


2. Setup 
and hold necessary 
only to guarantee 
recognition 
at next clock. 


3. Applies 
only to T3 and TW states. 
4. Applies 
only to T2 states. 


INPUT 
OUTPUT 


~===TE=STPOI=NT=S 
==-x:= 


DEVICE 
UNDER 
TEST 


A.C. TESTING: 
ALL INPUT 
SIGNALS 
MUST 
SWITCH 
BETWEEN 


0.45V 
AND 
2.4V. T RISE AND 
T FALL MUST 
BE ,; 
15 ns. 
ALL TIMING 
MEASUREMENTS 
ARE 
MADE 
AT 1.5V. 
CL ~ 
100 pF FOR CLK 
CL ~ 
30 pF FOR READY 
CL INCLUDES 
PROBE 
AND 
JIG CAPACITANCE 


inter 


NOTE: 
ALL TIMING 
MEASUREMENTS 
ARE MADE AT 1.5V. UNLESS 
OTHERWISE 
NOTED. 


inter 


WAVEFORMS 
(Continued) 


READY 
SIGNALS 
(FOR SYNCHRONOUS 
DEVICES) 


X1 
CLK 


X2 


FIC 


CSYNC 


intJ 


RDY2 
osc 


FIC 
AlN2 


CSYNC 


FIe 
imI1 


RDY2 
~ 


CSYNC READY 


NOTES: 
1. CL = 100 pF 
2. CL = 30 pF 


2. Test conditions for lees (stand by supply current) 


were clarified in Note 1. 


3. teU1H (RES Hold to ClK) for 82C84A changed 


from 10 ns to 20 ns to reflect current testing. 


4. For the "Clocks and Reset Signals" diagram, all 


timing measurements voltages changed to 1.5V 
from 0.8V and 2.0V. 


The following list represents key differences be- 
tween this and the October 1986 (order no. 231198- 
003) data sheet. Please review this summary. 
1. A diagram of the PlCC package was deleted. 


inter 


82C88 
CHMOSBUSCONTROLLER 


• 
Pin Compatible with Bipolar 8288 


• 
Provides Support for 8086/88, 
80C86/88,80186,80188 


• 
Low Power Operation 
-Iccs 
= 100 IJ-A 
-Icc 
= 10 mA 


• 
Provides Advanced Commands for 
Multi-Master Busses 


• 
a-State Command Output Drivers 


• 
High Drive Capability 


• 
Conflgurable 
for Use with an I/O Bus 


• 
Single 5V Power Supply 


• 
8 MHz Operation 
-82C88-2 


The 
Intel 82C88·2 
is a high performance 
CHMOS 
version 
of the 8288 bipolar 
bus controller. 
The 82C88-2 
provides 
command 
and control 
timing generation 
for 8086 architecture· 
systems. 
Static CHMOS 
circuit design 
ensures 
low operating 
power. The 82C88·2 
high output drive capability 
eliminates 
the need for additional 
bus 
drivers. 


• NOTE: 
In this 
data 
sheet, 
all references 
to 8086 
or 8086 
architecture 
include: 
8086/88, 
80C86/88, 
80186 
and 
80188. 


ST={~- 
~l 


STATUS 
---- 
iiW'fC 
DECODER 
12- 
COM· 
AiiWC 
MULTIIUS. 
MAND 
101 
vcc 


SIQNAL 
IDAC lCOMMAND 
so 
QENER· 
iOWC 
SIGNALS 
ClK 


ATOR 
51 
52 
AIOWC 


INTA 
DT/R 
MCEJPDEN 


ALE 
DEN 


C 


K 
Df/R 
AEN 


CONTROL 
ifN- 


CONTROL 
lADDRESS 
LATCH. 
DATA 
MRDC 
CONTROL 
SIQNAL 
DEN 
TRANSCEIVEIlI, AND 


IN'UT CEN- 
LOGIC 
QENER· 
MCEiPDEH 'INTERRUPT 
CONTROL 
AMWC 
ATOR 
ALE 
SIGNALS 
101- 
MWTC 


GND 
iOWC 


+5V 
QND 
240027-2 


240027-1 
Figure 
2a. 82C88·2 
2Q-Lead 


Figure 
1. Block 
Diagram 
DIP Configuration 


inter 


Symbol 
Type 
Name and Function 


Vcc 
POWER: + 5V supply. 


GND 
GROUND. 


So. 51. 52 
I 
STATUS 
INPUT PINS: These pins are the status input pins from the 8086 or 8088 


processors. 
The 82C88-2 
decodes 
these inputs to generate 
command 
and control 


signals at the appropriate 
time. When these pins are not in use (passive) 
they are all 


HIGH. (See chart under Command 
and Control 
Logic.) Internal 
pull-up resistors 
hold 


these lines HIGH when no other driving source is present. 


CLK 
I 
CLOCK: This is a clock signal from the 82C84A 
clock generator 
and serves to establish 


when command 
and control 
signals 
are generated. 


ALE 
a 
ADDRESS 
LATCH 
ENABLE: This signal serves to strobe 
an address 
into the address 


latches. 
This signal is active 
HIGH and latching 
occurs 
on the falling 
(HIGH to LOW) 


transition. 
ALE is intended 
for use with transparent 
D type latches. 


DEN 
a 
DATA ENABLE: 
This signal serves to enable data transceivers 
onto either the local or 


system data bus. This signal is active HIGH. 


DTIR 
a 
DATA TRANSMIT 
IRECEIVE: 
This signal establishes 
the direction 
of data flow through 


the transceivers. 
A HIGH on this line indicates 
Transmit 
(write to 1/0 or memory) 
and a 


LOW indicates 
Receive 
(Read). 


~ 
I 
ADDRESS 
ENABLE: 
AEN enables 
command 
outputs 
of the 82C88-2 
Bus Controller 
at 


least TAELCV after it becomes 
active (LOW). AEN going inactive 
immediately 
3-states 
the 


command 
output drivers. AEN does not affect the 1/0 command 
lines if the 82C88-2 
is in 


the 1/0 Bus mode (lOB tied HIGH). 


CEN 
I 
COMMAND 
ENABLE: 
When this signal is LaWall 
82C88-2 
command 
outputs 
and the 


DEN and PDEN control 
outputs 
are forced to their inactive 
state. When this signal is 


HIGH, these same outputs 
are enabled. 


lOB 
I 
INPUT 10UTPUT 
BUS MODE: When the lOB is strapped 
HIGH the 82C88-2 
functions 
in 


the 1/0 Bus mode. When it is strapped 
LOW. the 82C88-2 
functions 
in the System 
Bus 


mode. (See sections 
on 1/0 Bus and System 
Bus modes). 


AIOWC 
a 
ADVANCED 
110 WRITE 
COMMAND: 
The AIOWC 
issues an 1/0 Write Command 
earlier 


in the machine 
cycle to give 1/0 devices 
an early indication 
of a write instruction. 
Its 


timing is the same as a read command 
signal. AIOWC 
is active LOW. 


10WC 
a 
110 WRITE 
COMMAND: 
This command 
line instructs 
an 1/0 device to read the data on 
the data bus. This signal is active LOW. 


10RC 
a 
1/0 READ COMMAND: 
This command 
line instructs 
an 1/0 device to drive its data onto 


the data bus. This signal is active 
LOW. 


AMWC 
a 
ADVANCED 
MEMORY 
WRITE 
COMMAND: 
The AMWC issues a memory 
write 
command 
earlier in the machine 
cycle to give memory 
devices 
an early indication 
of a 


write instruction. 
Its timing is the same as read command 
signal. AMWC is active 
LOW. 


MWTC 
a 
MEMORY 
WRITE 
COMMAND: 
This command 
line instructs 
the memory 
to record the 


data present 
on the data bus. This signal is active LOW. 


MRDC 
a 
MEMORY 
READ COMMAND: 
This command 
line instructs 
the memory 
to drive its data 


onto the data bus. This signal is active LOW. 


INTA 
a 
INTERRUPT 
ACKNOWLEDGE: 
This command 
line tells an interrupting 
device that its 
interrupt 
has been acknowledged 
and that it should drive vectoring 
information 
onto the 


data bus. This signal is active 
LOW. 


MCE/PDEN 
a 
This is a dual function 
pin. 


MCE (lOB IS TIED LOW): Master Cascade 
Enable occurs 
during an interrupt 
sequence 
and serves to read a Cascade 
Address 
from a master 
PIC (Priority Interrupt 
Controller) 


onto the data bus. The MCE signal is active HIGH. 


PDEN (lOB IS TIED HIGH): Peripheral 
Data Enable enables 
the data bus transceiver 
for 
the 1/0 bus that DEN performs 
for the system bus. PDEN is active 
LOW. 


intJ 


Command 
and Control Logic 


The command logic decodes the three 8086 or 8088 
CPU status lines (So, 51, 52) to determine what 
command is to be issued. 


This chart 
shows the. meaning of each status 


"word". 


~S1SO 
Processor 
State 
82C88-2 
Command 


0 0 o Interrupt Acknowledge INTA 


0 0 
1 Read I/O Port 
10RC 


0 
1 o Write I/O Port 
10WC,AIOWC 


0 
1 
1 Halt 
None 


1 0 o Code Access 
MRDC 


1 0 
1 Read Memory 
MRDC 


1 
1 o Write Memory 
MWTC,AMWC 


1 
1 
1 Passive 
None 


The command is issued in one of two ways depen- 
dent on the mode of the 82C88-2 Bus Controller. 


I/O Bus Mode 
- 
The 82C88-2 is in the I/O Bus 


mode if the lOB pin is strapped HIGH. In the I/O Bus 
mode all I/O command lines (IORC, 10WC,AIOWC, 
INTA) are always enabled (Le., not dependent on 
AEN). When an I/O command is initiated by the 
processor, the 82C88·2 immediately ~tivates 
the 


command lines, using PDEN and DT/R to control 
the I/O bus transceiver. The I/O command lines 
should not be used to control the system bus in this 
configuration because no arbitration is present. This 
mode allows one 82C88-2 Bus Controller to handle 
two external busses. No waiting is involved when the 
CPU wants to gain access to the I/O bus. Normal 
memory access requires a "Bus Ready" signal (AEN 
LOW) before it will proceed. It is advantageous to 
use the lOB mode if I/O or peripherals dedicated to 
one processor exist in a multi-processor system. 


System 
Bus Mode - 
The 82C88-2 in the System 


Bus mode if the lOB pin is strapped LOW. In this 
mode no command is issued until TAELCVafter the 
AEN Line is activated (LOW). This mode assumes 
bus arbitration logic will inform the bus controller (on 
the AEN line) when the bus is free for use. Both 
memory and I/O commands wait for bus arbitration. 
This mode is used when only one bus exists. Here, 
both I/O and memory are shared by more than one 
processor. 


The advanced write commands are made available 
to initiate write procedures early in the machine cy- 
cle. This signal can be used to prevent the proces- 
sor from entering an unnecessary wait state. 


The command outputs are: 


MRDC - 
Memory Read Command 


MWTC - 
Memory Write Command 


IORC 
- 
I/O Read Command 


10WC - 
I/O Write Command 


AMWC - 
Advanced Memory Write Command 


AIOWC - 
Advanced I/O Write Command 


INTA 
- 
Interrupt Acknowledge 


INTA (Interrupt Acknowledge) acts as an I/O read 
during an interrupt cycle. Its purpose is to inform an 
interrupting device that its interrupt is being acknowl- 
edged and that it should place vectoring information 
onto the data bus. 


CONTROL 
OUTPUTS 


The control outputs of the 82C88-2 are Data Enable 
(DEN), Data Transmit/Receive (DT/R") and Master 
Cascade Enable/Peripheral 
Data Enable (MCE/ 


PDEN). The DEN signal determines when the exter- 
nal bus should be enabled onto the local bus and 
the DT/R" determines the direction of data transfer. 
These two signals usually go to the chip select and 
direction pins of a transceiver. 


The MCE/PDEN pin changes function with the two 
modes of the 82C88-2. When the 82C88-2 is in the 
lOB mode (lOB HIGH) the PDEN signal serves as a 
dedicated data enable signal for the I/O or Peripher- 
al System bus. 


INTERRUPT 
ACKNOWLEDGE 
AND 
MCE 


The MCE signal is used during an interrupt acknowl- 
edge cycle if the 82C88-2 is in the System Bus mode 
(lOB LOW). During any interrupt sequence there are 
two interrupt acknowledge cycles that occur back to 
back. During the first interrupt cycle no data or ad- 
dress transfers take place. Logic should be provided 
to mask off MCE during this cycle. Just before the 
second cycle begins the MCE signal gates a master 
Priority Interrupt Controller's (PIC) cascade address 
onto the processor's local bus where ALE (Address 
Latch Enable) strobes it into the address latches. On 
the leading edge of the second interrupt cycle the 
addressed slave PIC gates an interrupt vector onto 
the system data bus where it is read by the proces- 
sor. 


If the system contains only one PIC, the MCE signal 
is not used. In this case the second interrupt Ac- 


Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 55·C to + 150·C 


Supply Voltage 
with Respect 
to GND 
-0.5V 
to + 7.0V 


All Input Voltages 
with Respect 
to GND 
-0.5V 
to Vcc 
+0.5V 


All Output 
Voltages 
with Respect 
to GND 
-0.5V 
to Vcc 
+ 0.5V 


Power Dissipation 
0.7W 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject tb change. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


Icc 
Operating 
Supply Current 
10 
mA 
Cl = 0 pF 
telCl 
= 200 ns 


Ices 
Standby Supply Current 
100 
/LA 
Outputs 
Unloaded 
(Note 1) 


VIH 
Input High Voltage 
2.2 
Vcc 
+ 0.3 
V 


Vil 
Input Low Voltage 
-0.3 
0.8 
V 


VCH 
VIH for Clock. SO, S1, S2 
3.0 
Vcc 
+ 0.3 
V 


VCl 
Vil for Clock, SO, S1. S2 
-0.3 
0.8 
V 


III 
Input Leakage Current 
±10 
/LA 
OV S; VIN S; Vcc (Note 2) 


ILO 
Output Leakage Current 
±10 
/LA 
OV S; VOUT S; Vcc 


Ills 
Status Input Current 
-100 
10 
/LA 
OV S; VIN S; Vcc 


VOL 
Output Low Voltage: 
Command 
Outputs 
0.5 
V 
IOl = 20mA 
Control Outputs 
0.45 
IOl = 8mA 


VOH 
Output High Voltage: 


Command 
Outputs 
3.7 
V 
IOH = -8mA 
Control Outputs 
3.7 
IOH = -4mA 


CIN 
Input Capacitance 
7 
pF 
Freq. = 1 MHz 
Unmeasured 
pins at GND 


COUT 
Output Capacitance 
15 
pF 
Freq. = 1 MHz 
Unmeasured 
pins at GND 


NOTES: 
1. Ices test conditions are: Status inputs @ Vcc. other inputs @ Vcc or GND, Outputs open. 
2. Except SO. 51. 52· 


knowledge 
signal gates the interrupt 
vector 
onto the 


processor 
bus. 


Address 
Latch Enable (ALE) occurs during each ma- 
chine cycle and serves to strobe the current address 
into the address 
latches. 
ALE also serves to strobe 


the status 
(So. 51, 52) into a latch for halt state de- 
coding. 


The Command 
Enable 
(CEN) input acts as a com- 


mand qualifier for the 82C88-2. 
If the CEN pin is high 


the 82C88-2 
functions 
normally. 
If the 
CEN 
pin is 


pulled LOW, all command 
lines are held in their inac- 
tive state (not 3-state). 
This feature 
can be used to 


implement 
memory 
partitioning 
and to eliminate 
ad- 


dress 
conflicts 
between 
system 
bus 
devices 
and 


resident 
bus devices. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


fc 
ClK 
Frequency 
8 
MHz 


TClCl 
ClK 
Cycle Period 
125 
ns 


TClCH 
ClKlowTime 
66 
ns 


TCHCl 
ClK 
High Time 
40 
ns 


TSVCH 
Status Active Setup Time 
35 
ns 


TCHSV 
Status Inactive 
Hold Time 
10 
ns 


TSHCl 
Status Inactive Setup Time 
35 
ns 


TClSH 
Status Active Hold Time 
10 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions·· 


TCVNV 
Control Active Delay 
5 
45 
ns 
a 


TCVNX 
Control 
Inactive 
Delay 
5 
45 
ns 
a 


TCllH 
ALE Active Delay (from ClK) 
25 
ns 
a 


TClMCH 
MCE Active Delay (from ClK) 
25 
ns 
a 


TMHNl 
Command 
to DEN Delay 
TClCH-5 
ns 
DEN: a 
Command: 
b 


TSVlH 
ALE Active Delay (from Status) 
25 
ns 
a 


TSVMCH 
MCE Active Delay (from Status) 
30 
ns 
a 


TCHll 
ALE Inactive 
Delay 
4 
25 
ns 
a 


TClMl 
Command 
Active Delay 
5 
35 
ns 
b 


TClMH 
Command 
Inactive Delay 
5 
45 
ns 
b 


TCHDTl 
Direction 
Control Active Delay 
50 
ns 
a 


TCHDTH 
Direction 
Control 
Inactive Delay 
30 
ns 
a 


TAElCH 
Command 
Enable Time 
40 
ns 
c 


TAEHCZ 
Command 
Disable Time 
40 
ns 
d 


TAElCV 
Enable Delay Time 
100 
250 
ns 
b 


TAEVNV 
AEN to DEN 
35 
ns 
a 


TCEVNV 
CEN to DEN, PDEN 
35 
ns 
a 


TCElRH 
CEN to Command 
TClMl 
+ 10 
ns 
b 


TOlOH 
Output, 
Rise Time 
15 
ns 
a, b. From 0.8V to 2.2V 


TOHOl 
Output, 
Fall Time 
15 
ns 
a, b. From 2.2V to 0.8V 


inter 


V1-1; 
1 


OUTPUT FROM 
TEST 


DEVICE 
UNDER TEST 
POINT 
C1* 
J 


Test 
V1,v 
R1,n 
C1,pf 
Condition 
a 
2.13 
220 
80 


b 
2.29 
91 
150 


c 
1.5 
187 
150 


d 
1.5 
187 
50 


==>(.5 
+- TESTPOINTS... 1.C 


A.C. Testing: 
Input rise and fall times 
are: 
5 ns ± 2 ns between 
0.8V and 2.2V for AEiiI. CEN and lOB 


8 ns ± 2 ns between 
0.8V and 3.0V for SO. ~. 
~ 
and CLK. 


_TO 
T. 
T2 -- 
T)---~ 
--To- 


In 


I---TCLCL 
~ 
I-- TCLCH- r-\ r 
r-\ 


1\ 
J 
I 


TCH'Y~ 
- flveH - 
TCHeL- 
f-- l- TCL;" TSHeL- 
- 
\ 
I 
I 


X 


ADDR 
WRITE 
(i) 


VALlO 
DATA 
VALID 


TCLLH- ~ 
~ 
I.-TCHLL 
TSYLj 
! r l 
f 


- 
-TelMH 


- 
TCLML 
- 
I-TCLML 


\ 
1\ 
- 
-TCYNY 


J 
1\ 


TCYNX- 
- 
\ 
I 


TCYNY- 
l- 


V 
\ 
I 
J 
1\ 
- 
!--.CYNX 


\ 
V 
I 
1\ 
J 


TCHOTH- 
t- 
----7 
'\ 
v 
I ---- 
I 
- ~: 
lCHOlL 
If 
@ 
\ 
TCHDTH- 
I- 


TClMCH- r- 
~ 
-TCYNX 


-TSVMCH 


NOTES: 
1. Address/Data 
Bus is shown 
only for reference 
purposes. 
2. leading 
edge of ALE and MCE is determined 
by the falling edge of ClK 
or Status 
going active, 
whichever 
occurs 
last. 


inter 


NOTES: 
CEN must be low or valid prior to T2 to prevent the command from being gemcated. 
1. All Command outputs when in system bus mode. MROC, MWTe, and AMW 
when in 110 bus mode. 


The following 
represents 
key differences 
between 
this and the previous 
82C88. (Order No. 231199-004) 
data 
sheet. 
Please review. 


inter 
8289 
BUS ARBITER 
8289/8289-1 
• Provides Multi-Master System Bus 
• Four Operating Modes for Flexible 


Protocol 
System Configuration 
• Synchronizes 
8086, 8088 Processors 
• Compatible with Intel Bus Standard 


with Multi-Master Bus 
MULTIBUS@ 


• 10 MHz Verlson, 8289-1, Fully 
• Provides System Bus Arbitration 
for 


Compatible with 10 MHz 8086 or 8 MHz 
8089 lOP In Remote Mode 


80186 Based Systems 
• Available in EXPRESS 
• Provides Simple Interface with 8288 
- 
Standard Temperature 
Range 


Bus Controller 
- 
Extended Temperature 
Range 


The Intel 8289 Bus Arbiter is a 20-pin, 5-volt-only 
bipolar component 
for use with medium to large 8086, 8088 


multi-master/multiprocessing 
systems. 
The 8289 provides 
system bus arbitration 
for systems 
with multiple 
bus 


masters, 
such as an 8086 CPU with 8089 lOP in its REMOTE 
mode, while providing 
bipolar buffering 
and drive 


capability. 


INITI 
ICLK 
IREO 
MULTllUSe 


IPRN 
COMMAND 


IPRO 
SIGNALS 


IUSY 
CIRO 


I 


LOCK 
CLK 
PROCESSOR 
~ 
CONTROL 
RESI 
ANYROST 
101 
AEN ISYSTEM 


SIGNALS 


SYSI/Ilm 


Ii 
VCC 


~ 


SYSI/Ilm 
so 
IIESI 
CLK 


lID 
meJr 


1"Jim 
~ 


IlllO 
ANYROST 


IJSIRj 
AIR 


IJiIiN 
eJlR1 


GND 
IllIV 


CONTAOU 
STRAPPING 
OPTIONS 
SYSIlIiRI 
} SYSTEM 


lrJl 
SIGNALS 
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Figure 2. Pin Diagram 


Symbol 
Type 
Name and Function 


Vcc 
POWER: 
+5Vsupply 
± 10%. 


GND 
GROUND. 


SO,51,S2 
I 
STATUS 
INPUT PINS: The status input pins from an 8086, 8088 or 8089 


processor. 
The 8289 decodes 
these pins to initiate bus request and surrender 


actions. 
(See Table 2.) 


CLK 
I 
CLOCK: From the 8284 clock chip and serves to establish 
when bus arbiter 


actions are initiated. 


LOCK 
I 
LOCK: A processor 
generated 
signal which when activated 
(low) prevents 
the 


arbiter from surrendering 
the multi-master 
system bus to any other bus arbiter, 


regardless 
of its priority. 


CRQLCK 
I 
COMMON 
REQUEST 
LOCK: An active low signal which prevents 
the arbiter 


from surrendering 
the mUlti-ma~er strem bus to any other bus arbiter 


requesting 
the bus through the 
BR 
input pin. 


RESB 
I 
RESIDENT 
BUS: A strapping 
option to configure 
the arbiter to operate 
in 


systems 
having both a multi-master 
system bus and a Resident 
Bus. Strapped 


high, the multi-master 
system bus is requested 
or surrendered 
as a function 
of 


the SYSB/RESB 
input pin. Strapped 
low, the SYSB/RESB 
input is ignored. 


ANYRQST 
I 
ANY REQUEST: A strapping 
option which permits the multi-master 
system 


bus to be surrendered 
td a lower priority arbiter as if it were an arbiter of higher 


priority (Le., when a lower priority arbiter requests 
the use of the multi-master 


system bus, the bus is surrendered 
as soon as it is possible). 
When 


ANYRQST 
is strapped 
low, the bus is surrendered 
according 
to Table 2. If 


ANYRQST 
is strapped 
high and CBRQ is activated, 
the bus is surrendered 
at 


the end of the present bus cycle. Strapping 
CBRQ low and ANYRQST 
high 
forces the 8289 arbiter to surrender 
the multi-master 
system bus after each 


transfer 
cycle. Note that when surrender 
occurs BREQ is driven false (high). 


lOB 
I 
10 BUS: A strapping 
option which configures 
the 8289 Arbiter to operate 
in 


systems 
having both an 10 Bus (Peripheral 
Bus) and a multi-master 
system 


bus. The arbiter requests 
and surrenders 
the use of the multi-master 
system 
. 
bus as a function 
of the status line, 82. The multi-master 
system bus is 


permitted 
to be surrendered 
while the processor 
is performing 
10 commands 


and is requested 
whenever 
the processor 
performs 
a memory command. 


Interrupt 
cycles are assumed 
as coming from the peripheral 
bus and are 


treated as an 10 command. 


AEN 
0 
ADDRESS 
ENABLE: The output of the 8289 Arbiter to the processor's 


address 
latches, to the 8288 Bus Controller 
and 8284A Clock Generator. 
AEN 


serves to instruct the Bus Controller 
and address 
latches when to tri-state 


their output drivers. 


SYSBI 
I 
SYSTEM 
BUS/RESIDENT 
BUS: An input signal when the arbiter is . 


RESB 
configured 
in the S.R. Mode (RESB is strapped 
high) which determines 
when 


the multi-master 
system bus is requested 
and multi-master 
system bus 


surrendering 
is permitted. 
The signal is intended 
to originate 
from a form of 


address-mapping 
circuitry, 
as a decoder 
or PROM attached 
to the resident 


address 
bus. Signal transitions 
and glitches 
are permitted 
on this pin from <1> 
1 


of T4 to <1> 
1 of T2 of the processor 
cycle. During the period from <1> 
1 of T2 to 
<1>1of T4, only clean transitions 
are permitted 
on this pin (no glitches). 
If a 


glitch occurs, the arbiter may capture or miss it, and the multi-master 
system 


bus may be requested 
or surrendered, 
depending 
upon the state of the glitch. 


The arbiter requests 
the multi-master 
system bus in the S.R. Mode when the 


state of the SYSB/RESB 
pin is high and permits the bus to be surrendered 


when this pin is low. 


Symbol 
Type 
Name and Function 


CBRa 
I/O 
COMMON 
BUS REQUEST: An input signal which instructs 
the arbiter if there 


are any other arbiters of lower priority requesting 
the use of the multi-master 


system bus. 


The CBRa 
pins (open-collector 
output) of all the 8289 Bus Arbiters which 


surrender 
to the multi-master 
system bus upon request are connected 
together. 


The Bus Arbiter running the current transfer CYClewill not itself pull the CBRa 
line low. Any other arbiter connected 
to the CBR 
line can request the multi- 


master system bus. The arbiter presently 
running the current transfer 
cycle 


drops its BREQ signal and surrenders 
the bus whenever 
the proper surrender 


conditions 
exist. Strapping 
CBRQ low and ANYRaST 
high allows the multi- 


master system bus to be surrendered 
after each transfer 
cycle. See the pin 


definition 
of ANYRaST. 


INIT 
I 
INITIALIZE: 
An active low multi-master 
system bus input signal used to reset 


all the bus arbiters on the multi-master 
system bus. After initialization, 
no 


arbiters have the use of the multi-master 
system bus. 


BClK 
I 
BUS CLOCK: The multi-master 
system bus clock to which all multi-master 


system bus interface 
signals are synchronized. 


BREQ 
0 
BUS REQUEST: An active low output signal in the parallel Priority Resolving 
Scheme which the arbiter activates 
to request the use of the multi-master 


system bus. 


BPRN 
I 
BUS PRIORITY 
IN: The active low signal returned 
to the arbiter to instruct it 


i 
that it may acquire the multi-master 
system bus on the next falling edge of 


BClK. 
BPRN indicates 
to the arbiter that it is the highest priority requesting 


arbiter presently 
on the bus. The loss of BPRN instructs 
the arbiter that it has 


lost priority to a higher priority arbiter. 


BPRO 
0 
BUS PRIORITY 
OUT: An active low output signal used in the serial priority 


resolving 
scheme where BPRO is daisy-chained 
to BPRN of the next lower 


priority arbiter. 


BUSY 
I/O 
BUSY: An active low open collector 
multi-master 
system bus interface 
signal 
used to instruct all the arbiters on the bus when the multi-master 
system bus is 


available. 
When the multi-master 
system bus is available 
the highest request 


arbiter (determined 
by BPRN) seizes the bus and pulls BUSY low to keep 


other arbiters off of the bus. When the arbiter is done with the bus, it releases 
the BUSY signal, permitting 
it to go high and thereby allowing 
another 
arbiter 


to acquire the multi-master 
system bus. 


The 8289 
Bus Arbiter 
operates 
in conjunction 
with 


the 
8288 
Bus 
Controller 
to 
interface 
8086, 
8088 


processors 
to a multi-master 
system 
bus (both the 


8086 and 8088 are configured 
in their max mode). 
The processor 
is unaware 
of the arbiter's 
existence 


and 
issues 
commands 
as though 
it has exclusive 


use of the 
system 
bus. 
If the 
processor 
does 
not 


have 
the 
use of the 
multi-master 
system 
bus, the 


arbiter 
prevents 
the Bus Controller 
(8288), the data 


transceivers 
and the address 
latches 
from 
access- 


ing the system 
bus (e.g., all bus driver outputs 
are 


forced 
into 
the 
high 
impedance 
state). 
Since 
the 


command 
sequence 
was not issued by the 8288, the 


system 
bus will 
appear 
as "Not 
Ready" 
and 
the 


processor 
will enter 
wait states. 
The processor 
will 


remain in Wait until the Bus Arbiter acquires 
the use 


of the multi-master 
system 
bus whereupon 
the arbi- 


ter will allow the bus controller, 
the data transceiv- 


ers, and the address 
latches 
to access 
the system. 


Typically, 
once the command 
has been issued and a 


data transfer 
has taken 
place, 
a transfer 
acknowl- 


edge (XACK) is returned 
to the processor 
to indicate 
"READY" 
from 
the 
accessed 
slave 
device. 
The 


processor 
then 
completes 
its transfer 
cycle. 
Thus 


the arbiter 
serves 
to multiplex 
a processor 
(or bus 


master) 
onto 
a multi-master 
system 
bus and avoid 


contention 
problems 
between 
bus masters. 


inter 


In general, higher priority masters obtain the bus 
when a lower priority master completes its present 
transfer cycle. Lower priority bus masters obtain the 
bus when a higher priority master is not accessing 
the system bus. A strapping option (ANYRQST) is 
provided to allow the arbiter to surrender the bus to 
a lower priority master as though it were a master of 
higher priority. If there are no other bus masters reo 
questing the bus, the arbiter maintains the bus so 
long as its processor has not entered the HALT 
State. The arbiter will not voluntarily surrender the 
system bus and has to be forced off by another mas- 
ter's bus request, the HALT State being the only ex- 
ception. Additional strapping options permit other 
modes of operation wherein the multi-master system 
bus is surrendered or requested under different sets 
of conditions. 


Since there can be many bus masters on a multi- 
master system bus, some means of resolving priority 
between bus masters simultaneously requesting the 
bus must be provided. The 8289 Bus Arbiter pro- 
vides several resovling techniques. All the tech- 
niques are based on a priority concept that at a giv- 
en time one bus master will have priority above all 
the rest. There are provisions for using parallel prior- 
ity resolving techniques, serial priority resolving 
techniques, and rotating priority techniques. 


The parallel priority resolving technique uses a sepa- 
rate bus request line (BREQ) for each arbiter on the 
multi-master system bus, see Figure 4. Each BREQ 
line enters into a priority encoder which generates 
the binary address of the highest priority BREQ line 
which is active. The binary address is decoded by a 
decoder to select the corresponding BPRN (Bus Pri- 
ority In) line to be returned to the highest priority 
reguesting arbiter. The arbiter receiving priority 
(BPRN true) then allows its associated bus master 
onto the multi-master system bus as soon as it be- 
comes available (Le., the bus is no longer busy). 
When one bus arbiter gains priority over another ar- 
biter it cannot immediately seize the bus, it must wait 
until the present bus transaction is complete. Upon 
completing its transaction the present bus occupant 
recognizes that it no longer has priority and surren- 
ders the bus by releasing BUSY. BUSY is an active 
low "OR" tied signal line which goes to every bus 
arbiter on the system bus. When BUSY goes inac- 
tive (high), the arbiter which presently has bus priori- 
ty (BPRN true) then seizes the bus and pulls BUSY 
low to keep other arbiters off of the bus. See wave- 
form timing diagram, Figure 5. Note that all multi- 
master system bus transactions are synchronized to 
the bus clock (BCLK).This allows the parallel priority 
resolving circuitry or any other priority resolving 
scheme employed to settle. 


74148 
PRIORITY 
ENCOOER 


74138 
3 Toa 


DECODER 


NOTES: 
1. Higher 
priority 
bus arbiter 
requests 
the multi-master 
system 
bus. 
2. Attains 
priority. 
3. Lower 
priority 
bus arbiter 
releases 
busy. 
4. Higher 
priority 
bus arbiter 
then acquires 
the bus and pulls busy down. 


The serial priority resolving technique eliminates the 
need for the priority encoder-decoder arrangement 
by daisy-chaining the bus arbiters together, connect- 
ing the higher priority bus arbiter's BPRO (Bus Priori- 
ty Out) output to the BPRN of the next lower priority. 
See Figure 6. 
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The number of arbiters that may be daisy-chained together in the 
serial priority resolving scheme is a function of BCLK and the 
propagation delay from arbiter to arbiter. Normally, at 10 MHz 
only 3 arbiter may be daisy-chained. 


The rotating priority resolving technique is similar to 
that of the priority resolving technique except that 
priority is dynamically re-assigned. The priority en- 
coder is replaced by a more complex circuit which 
rotates priority between requesting arbiters thus al- 
lowing each arbiter an equal chance to use the mul- 
ti-master system bus, over time. 


Which Priority Resolving Technique 
To 


Use 


There are advantages and disadvantages for each 
of the techniques described above, The rotating pri- 
ority resolving technique requires substantial exter- 
nal logic to implement while the serial technique 
uses no external logic but can accommodate only a 
limited number of bus arbiters before the daisy-chain 
propagation delae 
exceeds the multi-master's sys- 


tem bus clock (B LK). The parallel priority resolving 
technique is in general a good compromise between 
the other two techniques. It allows for many arbiters 
to be present on the bus while not requiring too 
much logic to implement. 


NOTE: 
In some system configurations it is possible for a 
non-I/O Processor to have access to more than 
one Multi-Master System Bus, see 8289 Application 
Note. 


inter 


8289 Modes of Operation 


There are two types of processors in the 8086 fami- 
ly. An Input/Output processor (the 8089 lOP) and 
the 8086/10, 8088/10 CPUs. Consequently, there 
are two basic operating modes in the 8289 bus arbi- 
ter. One, the lOB (I/O Peripheral Bus) mode, permits 
the processor access to both an I/O Peripheral Bus 
and a multi-master system bus. The second, the 
RESB (Resident Bus mode), permits the processor 
to communicate over both a Resident Bus and a 
multi-master system bus. An I/O Peripheral Bus is a 
bus where all devices on that bus, including memory, 
are treated as I/O devices and are addressed by I/O 
commands. All memory commands are directed to 
another bus, the multi-master system bus. A Resi- 
dent Bus can issue both memory and I/O com- 
mands, but it is a distinct and separate bus from the 
multi-master system bus. The distinction is that the 
Resident Bus has only one master, providing full 
availability and being dedicated to that one master. 


The lOB strapp~ 
option configures the 8289 Bus 


Arbiter into the lOB mode and the strapping option 
RESB configures it into the RESB mode. It might be 
noted at this point that if both strapping options are 
strapped false, the arbiter interfaces the processor 
to a multi-master system bus only (see Figure 7). 


With both options strapped true, the arbiter interfac- 
es the processor to a multi-master system bus, a 
Resident Bus, and an I/O Bus. 


In the lOB mode, the processor communicates and 
controls a host of peripherals over the Peripheral 
Bus. When the I/O Processor needs to communi- 
cate with system memory, it does so over the sys- 
tem memory bus. Figure 8 shows a possible I/O 
Processor system configuration. 


The 8086 and 8088 processors can communicate 
with a Resident Bus and a multi-master system bus. 
Two bus controllers and only one Bus Arbiter would 
be needed in such a configuration as shown in Fig- 
ure 9. In such a system configuration the processor 
would have access to memory and peripherals of 
both busses. Memory mapping techniques are ap- 
plied to select which bus is to be accessed. The 
SYSB/RESB input on the arbiter serves to instruct 
the arbiter as to whether or not the system bus is to 
be accessed. The signal connected to SYSB/RESB 
also enables or disables commands from one of the 
bus controllers. 


A summary of the modes that the 8289 has, along 
with its response to its status lines inputs, is summa- 
rized in Table 2. 


Single 
Bus Mode 


Status Lines From 
lOB Mode 
RESB (Mode) Only 
lOB Mode RESB Mode 
lOB = High 


8086 or 8088 or 8089 
Only 
lOB = High RESB = High 
lOB = Low RESB = High 
RESB = Low 


52 
~ 
SO 
iOB = LOW SYSB/RESB = High SYSB/RESB = Low SYSB/RESB = High SYSB/RESB = Low 


I/O 
0 
0 
0 
x 
~ 
x 
x 
x 
~ 


MDS 
0 
0 
1 
x 
~ 
x 
x 
x 
~ 
0 
1 
0 
x 
~ 
x 
x 
x 
~ 


HALT 
0 
1 
1 
x 
x 
x 
x 
x 
x 


MEM 
1 
0 
0 
~ 
~ 
x 
~ 
x 
~ 


~MDS 
1 
0 
1 
~ 
~ 
x 
~ 
x 
~ 
1 
1 
0 
~ 
~ 
x 
~ 
x 
~ 


IDLE 
1 
1 
1 
x 
x 
x 
x 
x 
x 


NOTES: 
1. X = Multi-Master 
System 
Bus is allowed 
to be Surrendered. 
2. ". 
= Multi-Master 
System 
Bus is Requested. 


intJ 


Mode 
Pin 
Multi-Master 
System 
Bus 


Strapping 
Requested" 
" 
Surrendered" 


Single Bus 
lOB = High 
Whenever 
the processor's 
HLT + TI • CBRQ + HPBRQt 


Multi-Master 
Mode 
RESB = Low 
status lines go active 


RESB Mode Only 
lOB = High 
SYSB/RESB 
= High. 
(SYSB/RESB 
= Low + TI) • 


RESB = High 
ACTIVE STATUS 
CBRQ + HLT + HPBRQ 


lOB Mode Only 
lOB = Low 
Memory Commands 
(1/0 Status + TI) • CBRQ + 


RESB = Low 
HLT + HPBRQ 


lOB Mode. 
RESB Mode 
lOB = Low 
(Memory 
Command) 
• 
((I/O Status Commands) 
+ 


RESB = High 
(SYSB/RESB 
= High) 
SYSB/RESB 
= LOW». 
CBRQ 


+ HPBRQt 
+ HLT 


NOTES: 
'[OCR 
prevents 
surrender 
of Bus to any other 
arbiter, CRQ[Cj( prevents 
surrender 
of Bus to any lower 
priority 
arbiter. 


"Except 
for HALT 
and Passive 
or IDLE Status. 


tHPBRO, 
Higher 
Priority 
Bus Request 
or BPRN = 1. 


1. iOB Active 
Low. 
2. RESB Active 
High. 


3. + is read as "OR" 
and. 
as "AND". 


4. TI = Processor 
Idle Status 
~, 
51, SO = 111 


5. HL T = Processor 
Halt Status 82, 51, SO = 011 


MULUMASTER 
SYSTEM 


COMMAND 
IUS 


NUL n"ASTER 
SYSTEM 
ADDRESS 
IUS 


NUL 
T •.••••. STEA 


SYSTEM 
DATA 
IUS 


inter 


AODRESS 
lATCH 


82UI 
1212 
1201' 
31 


AOORIESS 
LATCH 
121:11 
.2.2 
(20R:l1 


MUlJl.MASTER 
SYSTEM 
CO •••••• 
ND 
IUS 


MULTI-MASTER 
SYSTEM 
ADDRESS 
IUS 


MUlT 
••• IASTER 
SYSTEM 
DATA 
IUS 


inter 


AOO" 
LA'e" 
UU""I 
120"11 
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-By adding another 8289 arbiter and connecting its AEN to the 8288 whose AEN is presently grounded, the processor 
could have access to two multi-master buses. 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


All Output and Supply Voltages 
-0.5V 
to + 7V 


All Input Voltages 
-1.0V 
to + 5.5V 


Power Dissipation 
1.5 Watt 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ve 
Input Clamp Voltage 
-1.0 
V 
Vee = 4.50V,le 
= 
-5 
mA 


IF 
Input Forward Current 
-0.5 
mA 
Vee = 5.50V, VF = 0.45V 


IR 
Reverse 
Input Leakage Current 
60 
p.A 
Vee = 5.50, VR = 5.50 


VOL 
Output Low Voltage 


BUSY, CBRQ 
0.45 
V 
IOL = 20mA 
AEN 
0.45 
V 
IOL = 
16 mA 
BPRO, BREQ 
0.45 
V 
IOL=10mA 


VOH 
Output High Voltage 


BUSY,CBRO 
Open Collector 


All Other Outputs 
2.4 
V 
IOH = 400 p.A 


Ice 
Power Supply Current 
165 
mA 


VIL 
Input Low Voltage 
.8 
V 


VIH 
Input High Voltage 
2.0 
V 


Cin Status 
Input Capacitance 
25 
pF 
- 


Cin (Others) 
Input Capacitance 
12 
pF 


Symbol 
Parameter 
8289 Mln 
8289·1 Mln 
Max 
Units 
Test Conditions 


TCLCL 
CLK Cycle Period 
125 
100 
ns 


TCLCH 
CLKLowTime 
65 
53 
ns 


TCHCL 
CLK High Time 
35 
26 
ns 


TSVCH 
Status Active Setup 
65 
55 
TCLCL-10 
ns 


TSHCL 
Status Inactive Setup 
50 
45 
TCLCL-10 
ns 


THVCH 
Status Active Hold 
10 
10 
ns 


THVCL 
Status Inactive 
Hold 
10 
10 
ns 


TBYSBL 
BUS t 
..L Setup to BCLK 
..L 
20 
20 
ns 


TCBSBL 
CBRQ t 
..L Setup to BCLK 
..L 
20 
20 
ns 


TBLBL 
BCLK Cycle Time 
100 
100 
ns 


TBHCL 
BLCK High Time 
30 
30 
.65 [TBLBL] 
ns 


TCLLL1 
LOCK Inactive 
Hold 
10 
10 
ns 


inter 


Symbol 
Parameter 
8289Mln 
8289-1 Mln 
Max 
Units 
Test Conditions 


TCLLL2 
LOCK Active Setup 
40 
40 
ns 


TPNBL 
BPRN i t to BCLK Setup Time 
15 
15 
ns 


TCLSR1 
SYSB/RESB 
Setup 
0 
0 
ns 


TCLSR2 
SYSB/RESB 
Hold 
20 
20 
ns 


TIVIH 
Initialization 
Pulse Width 
3TBLBL+ 
3TBLBL+ 
ns 
3 TCLCL 
3 TCLCL 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


TBLBRL 
BCLK to BREQ DELAY i t 
35 
ns 


TBLPOH 
BCLK to BPRO i t (See Note 1) 
40 
ns 


TPNPO 
BPRN i t to BPRO i t Delay 
25 
ns 
• 


(See Note 1) 


TBLBYL 
BCLK to BUSY Low 
60 
ns 


TBLBYH 
BCLK to BUSY Float (See Note 2) 
35 
ns 


TCLAEH 
CLK to AEN High , 
65 
ns 
I 


TBLAEL 
BCLK to AEN Low 
40 
ns 


TBLCBL 
BCLK to CBRQ Low 
60 
ns 


TRLCRH 
BCLK to CBRQ Float (See Note 2) 
35 
ns 


TOLOH 
Output Rise Time 
20 
ns 
From O.SV to 2.0V 


TOHOL 
Output Fall Time 
12 
ns 
From 2.0V to O.SV 
t .,1. Denotes 
that spec applies 
to both transitions 
of the signal. 


NOTES: 
1. BCLK generates 
the first BPRO wherein 
subsequent 
BPRO changes 
lower in the chain 
are generated 
through 
BPRON. 


2. Measured 
at .5V above 
GND . 


...--V.__ 
TESTPOINTS _,V-- 


o.••-.7\ 
~ 


DEVICE 
UNDER 
TEST 


23,460-,0 


A.C. Testing: Inputs are driven at 2.4V for a logic "," 
and 0.45V 


for a logic "0". The clock is driven at 4.3V and 0.25V. Timing 
measurements are made at '.5V for both a logic "," 
and "0". 


Input rise and fall times (measured between 0.8V and 2.0V) are 
driven at 5 ± 2 ns. 


NOTES: 
1. i:OCK Active can occur during any state, as long as the relationships shown above with respect to the ClK are 
maintained. 
lOCK Inactive has no critical time and can be asynchronous. 
CRQLCK has no critical timing and is considered an asynchronous input signal 
2. Glitching of SYSB/RESB Pin is permitted dUringthis time. Before </>2of T1, and after </>1of T4, SYSB/RESB should 
be stable. 
3. AEN leading edge is related to BClK, trailing edge to ClK. The trailing edge of AEN occurs after bus priority is lost. 


ADDITIONAL 
NOTES: 
The signals related to ClK are typcial processor signals, and do not relate to the depicted sequence of events of the signals 
referenced to BClK. The signals shown related to the BClK represent a hypothetical sequence of events for illustration. 
Assume 3 bus arbiters of priorities 1, 2, and 3 configured in serial priority resolving scheme as shown in Figure 6. Assume 
arbiter 1 has the bus and is holding busy low. Arbiter #2 detects its processor wants the bus and pulls low BREQ#2. If 
BPRN#2 is high (as shown), arbiter #2 will pull low CBRQ line. CBRQ signals to the higher priority arbiter #1 that a lower 
priority arbiter wants the bus. [A higher priority arbiter would be granted BPRN when it makes the bus request rather than 
having to wait for another arbiter to release the bus through CBRQ!.·· Arbiter # 1 will relinquish the multi-master system bus 
when it enters a state not requiring it (see Table 1), by lowering its BPRO#1 (tied to BPRN#2) and releasing BUSY. Arbiter 
#2 now sees that it has priority from BPRN#2 being low and releases CBRQ. As soon as BUSY signifies the bus is 
available (high), arbiter #2 pulls BUSY low on next falling edge of BClK. Note that if arbiter #2 didn't want the bus at the 
time it received priority, it would pass priority to the next lower priority arbiter by lowering its BPRO#2[TPNPO!. 
UNote 
that 
even 
a higher 
priority 
arbiter 
which 
is acquiring 
the bus through 
BPRN 
will momentarily 
drop 
CBRa 
until n has acquired 
the bus. 


inter 


8237A 
HIGH PERFORMANCE 


PROGRAMMABLE 
DMA CONTROLLER 


(8237 A, 8237 A-4, 8237 A-S) 


• 
Enable/Disable 
Control of Individual 


DMA Requests 


• 
Four Independent 
DMA Channels 


• 
Independent 
Autoinitialization 
of All 


Channels 


• 
Memory-to-Memory 
Transfers 


• 
Memory Block Initialization 


• 
Address Increment or Decrement 


• 
High Performance: Transfers up to 
1.6M Bytes/Second 
with 5 MHz 8237A-5 


• 
Directly Expandable to Any Number of 
Channels 


• 
End of Process Input for Terminating 
Transfers 


• 
Software DMA Requests 


• 
Independent 
Polarity Control for DREQ 


and DACK Signals 


• 
Available In EXPRESS 
- 
Standard Temperature 
Range 


• 
Available In 40-Lead Cerdlp and Plastic 
Packages 


(See Packaging Spec, Order #231369) 


The 8237 A Multimode 
Direct Memory 
Access 
(DMA) Controller 
is a peripheral 
interface 
circuit for microproc- 
essor systems. 
It is designed 
to improve 
system 
performance 
by allowing 
external 
devices 
to directly 
transfer 
information 
from 
the system 
memory. 
Memory-to-memory 
transfer 
capability 
is also 
provided. 
The 
8237A 
offers 
a wide variety 
of programmable 
control 
features 
to enhance 
data throughput 
and system 
optimization 
and to allow dynamic 
reconfiguration 
under program 
control. 


The 8237 A is designed 
to be used in conjunction 
with an external 
8·bit address 
latch. It contains 
four indepen- 
dent channels 
and may be expanded 
to any number of channels 
by cascading 
additional 
controller 
chips. The 
three basic transfer 
modes allow programmability 
of the types of DMA service 
by the user. Each channel 
can 
be individually 
programmed 
to Autoinitialize 
to its original 
condition 
following 
an End of Process 
(EOP). Each 
channel 
has a full 64K address 
and word count capability. 
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Figure 
2. Pin 
Configuration 


Symbol 
Type 
Name and Function 


Vcc 
POWER: + 5V supply. 


Vss 
GROUND: 
Ground. 


ClK 
I 
CLOCK 
INPUT: Clock Input controls 
the internal operations 
of the 


8237 A and its rate of data transfers. 
The input may be driven at up 


to 3 MHz for the standard 
8237 A and up to 5 MHz for the 8237 A-5. 


CS 
I 
CHIP SELECT: 
Chip Select is an active low input used to select 


the 8237A as an I/O device during the Idle cycle. This allows CPU 
communication 
on the data bus. 


RESET 
I 
RESET: Reset is an active high input which clears the Command, 
Status, Request 
and Temporary 
registers. 
It also clears the first! 


last flip/flop 
and sets the Mask register. 
Following 
a Reset the 


device is in the Idle cycle. 


READY 
I 
READY: 
Ready is an input used to extend the memory 
read and 


write pulses from the 8237 A to accommodate 
slow memories 
or 


I/O peripheral 
devices. 
Ready must not make transitions 
during its 


specified 
setup/hold 
time. 


HlDA 
I 
HOLD ACKNOWLEDGE: 
The active high Hold Acknowledge 
from 


the CPU indicates 
that it has relinquished 
control 
of the system 


busses. 


DREQO-DREQ3 
I 
DMA REQUEST: 
The DMA Request 
lines are individual 


asynchronous 
channel 
request inputs used by peripheral 
circuits to 


obtain DMA service. 
In fixed Priority, DREQO has the highest 


priority and DREQ3 has the lowest priority. A request is generated 
by activating 
the DREQ line of a channel. 
DACK will acknowledge 


the recognition 
of DREQ signal. Polarity of DREQ is 
programmable. 
Reset initializes these lines to active high. DREQ 


must be maintained 
until the corresponding 
DACK goes active. 


DBO-DB7 
I/O 
DATA 
BUS: The Data Bus lines are bidirectional 
three-state 


signals connected 
to the system data bus. The outputs are 


enabled 
in the Program condition 
during the I/O Read to output 


the contents 
of an Address 
register, a Status register, the 


Temporary 
register or a Word Count register to the CPU. The 


outputs are disabled 
and the inputs are read during an I/O Write 


cycle when the CPU is programming 
the 8237 A control 
registers. 


During DMA cycles the most significant 
8 bits of the address are 


output onto the data bus to be strobed 
into an external 
latch by 


. 
ADSTB. 
In memory-to-memory 
operations, 
data from the memory 


comes into the 8237 A on the data bus during the read-from- 
memory transfer. 
In the write-to-memory 
transfer, 
the data bus 


outputs place the data into the new memory location. 


lOR 
I/O 
I/O READ: I/O Read is a bidirectional 
active low three-state 
line. 


In the Idle cycle, it is an input control 
signal used by the CPU to 


read the control 
registers. 
In the Active cycle, it is an output control 


signal used by the 8237A to access data from a peripheral 
during a 


DMA Write transfer. 


lOW 
I/O 
110 WRITE: 
I/O Write is a bidirectional 
active low three-state 
line. 


In the Idle cycle, it is an input control 
signal used by the CPU to 


load information 
into the 8237A. In the Active cycle, it is an output 


control 
signal used by the 8237 A to load data to the peripheral 


during a DMA Read transfer. 


Symbol 
Type 
Name and Function 


EOP 
I/O 
END OF PROCESS: 
End of Process is an active low bidirectional 


signal. Information 
concerning 
the completion 
of DMA services 
is 


available 
at the bidirectional 
EOP pin. The 8237 A allows an 


external signal to terminate 
an active DMA service. This is 


\ 


c 
accomplished 
by pulling the EOP input low with an external 
EOP 


signal. The 8237 A also generates 
a pulse when the terminal 
count 
. 
(TC) for any channel 
is reached. 
This generates 
an EOP signal 


which is output through the EOP line. The reception 
of EOP. either 


internal or external, 
will cause the 8237 A to terminate 
the service, 


reset the request, and, if Autoinitialize 
is enabled, 
to write the base 


registers to the current registers 
of that channel. 
The mask bit and 


TC bit in the status word will be set for the currently 
active channel 


by EOP unless the channel 
is programmed 
for Autoinitialize. 
In that 


case, the mask bit remains unchanged. 
During memory-to-memory 


transfers, 
EOP will be output when the TC for channel 
1 occurs. 


EOP should be tied high with a pull-up resistor if it is not used to 
prevent erroneous 
end of process 
inputs. 


AD-A3 
I/O 
ADDRESS: 
The four least significant 
address 
lines are 


bidirectional 
three-state 
signals. In the Idle cycle they are inputs 


'1 
and are used by the CPU to address the register to be loaded or 
read. In the Active cycle they are outputs and provide the lower 4 
bits of the output address. 


A4-A7 
0 
ADDRESS: 
The four most significant 
address 
lines are three-state 


outputs and provide 4 bits of address. These lines are enabled 
only during the DMA service. 


HRQ 
0 
HOLD REQUEST: 
This is the Hold Request to the CPU and is 


used to request control 
of the system bus. If the corresponding 


mask bit is clear, the presence 
of any valid DREQ causes 8237 A to 


issue the HRQ. 


DACKD-DACK3 
0 
DMA ACKNOWLEDGE: 
DMA Acknowledge 
is used to notify the 


individual 
peripherals 
when one has been granted a DMA cycle. 


The sense of these lines is programmable. 
Reset initializes them 


to active low. 


AEN 
0 
ADDRESS 
ENABLE: Address 
Enable enables the 8·bit latch 


containing 
the upper 8 address 
bits onto the system address 
bus. 


AEN can also be used to disable other system bus drivers during 
DMA transfers. 
AEN is active HIGH. 


ADSTB 
0 
ADDRESS 
STROBE: The active high, Address 
Strobe is used to 


strobe the upper address 
byte into an external 
latch. 


MEMR 
0 
MEMORY 
READ: The Memory Read signal is an active low three- 


state output used to access data from the selected 
memory 


location 
during a DMA Read or a memory-to-memory 
transfer. 


MEMW 
0 
MEMORY 
WRITE: The Memory Write is an active low three-state 


output used to write data to the selected 
memory location 
during a 


DMA Write or a memory-to-memory 
transfer. 


PIN5 
I 
PIN5: This pin should always be at a logic HIGH level.- An internal 
pull-up resistor will establish 
a logic high when the pin is left 


floating. 
It is recommended 
however, 
that PIN5 be connected 
to 


Vcc· 


inter 


The 8237A block diagram includes the major logic 
blocks and all of the internal registers. The data in- 
terconnection paths are also shown. Not shown are 
the various control signals between the blocks. The 
8237A contains 344 bits of internal memory in the 
form of registers. Figure 3 lists these registers by 
name and shows the size of each. A detailed de- 
scription of the registers and their functions can be 
found under Register Description. 


Name 
Size 
Number 


Base Address 
Registers 
16 bits 
4 


Base Word Count 
Registers 
16 bits 
4 


Current 
Address 
Registers 
16 bits 
4 


Current 
Word Count 
Registers 
16 bits 
4 


Temporary 
Address 
Register 
16 bits 
1 


Temporary 
Word 
Count 
Register 
16b~s 
1 


Status 
Register 
8 bits 
1 


Command 
Register 
8 bits 
1 


Temporary 
Register 
8 bits 
1 
Mode 
Registers 
6 bits 
4 


Mask 
Register 
4 bits 
1 


Request 
Register 
4 bits 
1 


The 8237A contains three basic blocks of control 
logic. The Timing Control block generates internal 
timing and external control signals for the 8237A. 
The Program Command Control block decodes the 
various commands given to the 8237A by the micro- 
processor prior to servicing a DMA Request. It also 
decodes the Mode Control word used to select the 
type of DMA during the servicing. The Priority En- 
~oder block resolves priority contention between 
)MA channels requesting service simultaneously. 


The Timing Control block derives internal timing 
from the clock input. In 8237A systems, this input 
will usually be the 4>2TTl 
clock from an 8224 or 


ClK 
from an 8085AH or 8284A. 33% duty cycle 


clock generators, however, may not meet the clock 
high time requirement of the 8237A of the same fre- 
quency. For example, 82C84A-5 ClK output violates 
the clock high time requirement of 8237A-5. In this 
case 82C84A ClK can simply be inverted to meet 
8237A-5 clock high and low time requirements. For 
8085AH-2 
systems 
above 
3.9 
MHz, the 
8085 


ClK(OUT) does not satisfy 8237A-5 clock lOW and 
HIGH time requirements. In this case, an external 
clock should be used to drive the 8237A-5. 


The 8237A is designed to operate in two major cy- 
cles. These are called Idle and Active cycles. Each 
device cycle is made up of a number of states. The 
8237A can assume seven separate states, each 
composed of one full clock period. State I (SI) is the 
inactive state. It is entered when the 8237A has no 


valid DMA requests pending. While in SI, the DMA 
controller is inactive but may be in the Program Con- 
dition, being programmed by the processor. State 
SO (SO) is the first state of a DMA service. The 
8237A has requested a hold but the processor has 
not yet returned an acknowledge. The 8237A may 
still be programmed until it receives HlDA from the 
CPU. An acknowledge from the CPU will signal that 
DMA transfers may begin. S1, S2, S3 and S4 are the 
working states of the DMA service. If more time is 
needed to complete a transfer than is available with 
normal timing, wait states (SW) can be inserted be- 
tween S2 or S3 and S4 by the use of the Ready line 
on the 8237A. Note that the data is transferred di- 
rectl~m 
the I/O device to memory (or vice versa) 


with lOR and MEMW (or MEMR and lOW) being ac- 
tive at the same time. The data is not read into or 
driven out of the 8237A in I/O-to-memory or memo- 
ry-to-I/O DMA transfers. 


Memory-to-memory transfers require a read-from 
and a write-to-memory to complete each transfer. 
The states, which resemble the normal working 
states, use two digit numbers for identification. Eight 
states are required for a single transfer. The first four 
states (S11, S12, S13, S14) are used for the read- 
from-memory half and the last four states (S21, S22, 
S23, S24) for the write-to-memory half of the trans- 
fer. 


When no channel is requesting service, the 8237A 
will enter the Idle cycle and perform "SI" states. In 
this cycle the 8237A will sample the DREQ lines ev- 
ery clock cycle to determine if any channel is re- 
9!!.estinga DMA service. The device will also sample 
CS, looking for an attempt by the microprocessor to 
write or read the internal registers of the 8237A. 
When CS is low and HlDA is low, the 8237A enters 
the Program Condition. The CPU can now establish, 
change or inspect the internal definition of the part 
by reading from or writing to the internal registers. 
Address lines AO-A3 are inputs to the device and 
select which registers will be read or written. The 
lOR and lOW lines are used to select and time reads 
or writes. Due to the number and size of the internal 
registers, an internal flip-flop is used to generate an 
additional bit of address. This bit is used to deter- 
mine the upper or lower byte of the 16-bit Address 
and Word Count registers. The flip-flop is reset by 
Master Clear or Reset. A separate software com- 
mand can also reset this flip-flop. 


Special software commands can be executed by the 
8237A in the Program Condition. These commands 
are decoded as sets of addresses with the CS and 
lOW. The commands do not make use of the data 
bus. Instructions include Clear First/last 
Flip-Flop 


and Master Clear. 


inter 


When the 8237A is in the Idle cycle and a non- 
masked channel requests a DMA service, the device 
will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 


Single Transfer 
Mode-In 
Single Transfer mode 


the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC)will cause an Auto- 
initialize if the channel has been programmed to do 
so. 


DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed. In 8080A, 8085AH, 
8088, or 8086 system, this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 8237A and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 


Block Transfer Mode-In 
Block Transfer mode the 


device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 


Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 


Demand 
Transfer 
Mode-In 
Demand Transfer 


mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the I/O device has exhausted its data 
capacity. After the I/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. Duringthe time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 8237A Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. DREQ 
has to be low before S4 to prevent another Transfer. 


Cascade Mode-This 
mode is used to cascade 


more than one 8237A together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 8237A are connected to the DREQ and 
DACK signals of a channel of the initial 8237A. This 
allows the DMA requests of the additional device to 
propagate through the priority network circuitry of 
the preceding device. The priority chain is preserved 
and the new device must wait for its turn to acknowl- 
edge requests. Since the cascade channel of the 
initial 8237A is used only for prioritizing the addition- 
al device, it does not output any address or control 
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Figure 4. Cascaded 8237As 


2-238 


signals OT ItS own. 
I nese cOUiaCOnfliCtWltnthe out- 
puts of the active channel in the added device. The 
8237A will respond to DREQ and DACK but all other 
outputs except HRQ will be disabled. The ready in- 
put is ignored. 


Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This forms a two level DMA system. More 8237As 
could be added at the second level by using the 
remaining channels of the first level. Additional de- 
vices can also be added by cascading into the chan- 
nels of the second level device, forming a third level. 


Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from an 
I/O device to the memory by activating MEMW and 
iOR. Read transfers move data from memory to an 
I/O device by activating MEMR and lOW. Verify 
transfers are pseudo transfers. The 8237A operates 
as in Read or Write transfers generating addresses, 
and responding to EOP, etc. However, the memory 
and I/O control lines all remain inactive. The ready 
input is ignored in verify mode. 


Memory-to-Memory-To 
perform block moves of 


data from one memory address space to another 
with a minimum of program effort and time, the 
8237A includes a memory-to-memory transfer fea- 
ture. Programming a bit in the Command register 
selects channels 0 and 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel O. The 
8237A requests a DMA service in the normal man- 
ner. After HLDA is true, the device, using four state 
transfers in Block Transfer mode, reads data from 
~hememory. The channel 0 Current Address register 
IS the source for the address used and is decrement- 
ed or incremented in the normal manner. The data 
byte read from the memory is stored in the 8237A 
internal Temporary register. Channel 1 then per- 
forms a four-state transfer of the data from the Tem- 
porary register to memory using the address in its 
Current Address register and incrementing or decre- 
menting it in the normal manner. The channel 1 cur- 
rent Word Count is decremented. When the word 
count of chann~goes 
to FFFFH, a TC is generat- 
ed causing an EOP output terminating the service. 


Channel 0 may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 


The 8237A will respond to external EOP signals dur- 
ing memory-to-memory transfers. Data comparators 
in block search schemes may use this input to termi- 
nate the service when a match is found. The timing 
of memory-to-memory transfers is found in Figure 
12. Memory-to-memory operations can be detected 
as an active AEN with no DACK outputs. 


Autoinitialize-By 
programming a bit in the Mode 


register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be&rogrammed identically. If in- 
terrupted externally, E P pulses should be applied 
in both bus cycles. 


Priority-The 
8237A has two types of priority en- 


coding available as software selectable options. The 
first is Fixed Priority which fixes the channels in pri- 
ority order based upon the descending value of their 
number. The channel with the lowest priority is 3 
followed by 2, 1 and the highest priority channel, O. 
After the recognition of anyone channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 


After completion of a service, HRQ will go inactive 
and the 8237A will wait for HLDA to go low before 
activating HRQ to service another channel. 


The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 


lot 
2nd 
3nI 


Sef¥lce 
-co 
semco 
highest 
0 
2_ 
.ervlce\3 
_ 
service 


1 •.•••• 
service \3 '4--request 
0 


2 
0 
1 


lowest 
3 
1 
2 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents anyone 
channel from monopolizing the system. 


Compressed 
Timing-In 
order to achieve even 


greater throughput where system characteristics 
permit, the 8237A can compress the transfer time to 
two clock cycles. From Figure 11 it can be seen that 
state S3 is used to extend the access time of the 
read pulse. By removing state S3, the read pulse 
width is made equal to the write pulse width and a 
transfer consists only of state S2 to change the ad- 
dress and state S4 to perform the read/write. S1 
states will still occur when A8-A15 
need updating 


(see Address Generation). Timing for compressed 
transfers is found in Figure 14. 


Address Generation-In 
order to reduce pin count, 
the 8237A multiplexes the eight higher order ad- 
dress bits on the data lines. State S1 is used to out- 
put the higher order address bits to an external latch 
from which they may be placed on the address bus. 
The falling edge of Address Strobe (ADSTB) is used 
to load these bits from the data lines to the latch. 
Address Enable (AEN) is used to enable the bits 
onto the address bus through a three-state enable. 
The lower order address bits are output by the 
8237A directly. Lines AO-A7 should be connected 
to the address bus. Figure 11 shows the time rela- 
tionships between CLK, AEN, ADSTB, DBO-DB7 
and AO-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be s~quential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 8237A executes S1 states only when 
updating of A8-A 15 in the latch is necessary. This 
means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 


Current 
Address 
Register-Each 
channel has a 


16-bit Current Address register. This register holds 
the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the 
microprocessor in successive 8-bit 


bytes. It may also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize takes place 
only after an EOP. 


Current Word Register-Each 
channel has a 16- 


bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (I.e., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its original value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 


Base Address and Base Word Count Registers-- 
Each channel has a pair of Base Address and Base 
Word Count registers. These 16-bit registers store 
the original value of their associated current regis- 
ters. During Autoinitialize these values are used to 
restore the current registers to their original values. 
The base registers are written simultaneously with 
their corresponding current register in 8-bit bytes in 
the 
Program Condition 
by the 
microprocessor. 


These registers cannot be read by the microproces- 
sor. 


Command 
Register-This 
8-bit register controls 


the operation of the 8237A. It is programmed by the 
microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 


Mode Register-Each 
channel has a 6-bit Mode 


register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 


Request Register-The 
8237A can respond to re- 


quests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 
oritization by the Priority Encoder network. Each reg- 
ister bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex- 
ternal EOP.The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 
dress coding. In order to make a software request, 
the channel must be in Block Mode. 
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0 
Memory·to-memory 
disable 
1 
Memory·lo-memory 
enable 


0 
Chennel 0 eddress hold disable 
1 
Chennel 0 address 
hold enable 


X 
If bit 0=0 


0 
Controlter 
enable 


1 
Controller 
disable 


0 
Normal 
timing 


1 
COmpressad 
timing 


X 
If b1t0=1 


0 
Flxad priority 
1 
Rolatlng 
priority 


0 
Late wrlle 
selection 
1 
Extended 
wrlle 
selection 
X 
If bit 3=1 


0 
DREQ sense active 
high 
1 
DREQ sense active 
low 


0 
DACK sense acllve 
low 
1 
DACK sense active 
high 
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00 
Verify 
Irana'er 


01 
Write trana'er 


10 
Read transter 


11 
Illegal 


XX If bltaB 
and 7.11 


00 
Demand 
mode select 


01 
Single 
mode select 
10 
Block 
mode salecl 


11 
cascade 
mode select 


231466-6 


o 
Resel request 
bll 


1 
Sel request 
bit 
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Mask 
Register-Each 
channel 
has associated 
with 


it a mask bit which can be set to disable 
the incom- 
ing DREQ. Each mask bit is set when its associated 
channel 
produces 
an EOP if the channel 
is not pro- 


grammed 
for 
Autoinitialize. 
Each 
bit 
of 
the 
4-bit 


Mask register 
may also be set or cleared 
separately 


under software 
control. 
The entire register is also set 


by a Reset. 
This disables 
all DMA requests 
until a 


clear Mask register 
instruction 
allows them to occur. 


The instruction 
to separately 
set or clear the mask 


bits is similar in form to that used with the Request 
register. 
See Figure 5 for instruction 
addressing. 


L{ 


00 
Select 
channel 
0 mask 
bit 


01 
Select 
channel 
1 mask 
bit 


10 
Selecl 
channel 
2 mask 
bit 


11 
Select 
channel 
3 mask 
bit 


o 
Clear 
mesk 
bit 


1 
Set mask 
bit 
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All four bits of the Mask register 
may also be written 


with a single command. 


0 
Clear 
channel 
0 mask 
bit 


1 
Set chennel 
0 maak 
bit 


0 
Clear 
channal 
1 maak 
bit 


1 
Set channel 
1 maak 
bit 


0 
Clear 
channel 
2 mask 
bit 


1 
Set channel 
2 maak 
bit 


0 
Clear 
channel 
3 maak 
bit 


1 
Set chennel 
3 maak 
bit 
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Register 
Operation 
Signals 


CS lOR lOW A3 A2 A1 AO 


Command 
Write 
0 
1 
0 
1 
0 
0 
0 


Mode 
Write 
0 
1 
0 
1 
0 
1 
1 


Request 
Write 
0 
1 
0 
1 
0 
0 
1 


Mask 
Set/Reset 
0 
1 
0 
1 
0 
1 
0 


Mask 
Write 
0 
1 
0 
1 
1 
1 
1 


Temporary 
Read 
0 
0 
1 
1 
1 
0 
1 


Status 
Read 
0 
0 
1 
1 
0 
0 
0 


Status 
Register-The 
Status register is available 
to 


be read out of the 8237 A by the microprocessor. 
It 


contains 
information 
about the status of the devices 


at this point. This information 
includes 
which 
chan- 


nels have reached 
a terminal 
count and which chan- 
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8237A 


nels have pending DMA requests. Bits 0-3 are set 
every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 are set 
whenever their corresponding channel is requesting 
service. 


Temporary 
Register-The 
Temporary register is 


used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 


Software 
Commands-These 
are additional spe- 


cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 


Channel 0 has reached TC 
Channel 
1 has reached TC 
Channel 
2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 
1 request 
Channel 2 request 
Channel 3 request 


Clear First/Last Flip-Flop: This command must be 
executed prior to writing or reading new address 
or word count information to the 8237A. This ini- 
tializes the flip-flop to a known state so that sub- 
sequent accesses to register contents by the mi- 
croprocessor will address upper and lower bytes 
in the correct sequence. 


Master Clear: This software instruction has the 
same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 8237A will enter the Idle 
cycle. 


Clear Mask Register: This command clears the 
mask bits of all four channels, enabling them to 
accept DMA requests. 


Figure 6 lists the address codes for the software 
commands. 


51 nals 
Operation 
A3 
A2 
A1 
AO 
lOR 
lOW 


1 
0 
0 
0 
0 
1 
Read Status 
Recister 


1 
0 
0 
0 
1 
0 
Write Command 
Recister 


1 
0 
0 
1 
0 
1 
Illegal 


1 
0 
0 
1 
1 
0 
Write Request 
Reaister 


1 
0 
1 
0 
0 
1 
lIIeaal 


1 
0 
1 
0 
1 
0 
Write Single Mask Reaister 
Bit 


1 
0 
1 
1 
0 
1 
lIIecal 


1 
0 
1 
1 
1 
0 
Write Mode Recister 


1 
1 
0 
0 
0 
1 
lIIeaal 


1 
1 
0 
0 
1 
0 
Clear Byte Pointer 
Flip/Flop 


1 
1 
0 
1 
0 
1 
Read Temporary 
Reaister 


1 
1 
0 
1 
1 
0 
Master Clear 


1 
1 
1 
0 
0 
1 
lIIecal 


1 
1 
1 
0 
1 
0 
Clear Mask Recister 


1 
1 
1 
1 
0 
1 
lIIecal 


1 
1 
1 
1 
1 
0 
Write All Mask Reaister 
Bits 
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Channel 
Register 
Operation 
Signals 
Internal 
Data Bus 


CS 
lOR 
lOW 
A3 
A2 
A1 
AO Flip-Flop 
DBO-DB7 


0 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
0 
0 
0 
AO-A7 


0 
1 
0 
0 
0 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
0 
0 
0 
AD-A7 


0 
0 
1 
0 
0 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
0 
1 
0 
WO-W7 


0 
1 
0 
0 
0 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
0 
1 
0 
WO-W7 


0 
0 
1 
0 
0 
0 
1 
1 
W8-W15 


1 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
1 
0 
0 
AD-A7 


0 
1 
0 
0 
0 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
1 
0 
0 
AD-A7 


0 
0 
1 
0 
0 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
1 
1 
0 
WO-W7 


0 
1 
0 
0 
0 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
1 
1 
0 
WO-W7 


0 
0 
1 
0 
0 
1 
1 
1 
W8-W15 


2 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
0 
0 
0 
AD-A7 


0 
1 
0 
0 
1 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
0 
0 
0 
AD-A7 


0 
0 
1 
0 
1 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
0 
1 
0 
WO-W7 


0 
1 
0 
0 
1 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
0 
1 
0 
WO-W7 


0 
0 
1 
0 
1 
0 
1 
1 
W8-W15 


3 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
1 
0 
0 
AO-A7 


0 
1 
0 
0 
1 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
1 
0 
0 
AD-A7 


0 
0 
1 
0 
1 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
1 
1 
0 
WO-W7 


0 
1 
0 
0 
1 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
1 
1 
0 
WO-W7 


0 
0 
1 
0 
1 
1 
1 
1 
W8-W15 


PROGRAMMING 


The 8237A will accept programming from the host 
processor any time that HLDA is inactive; this is true 
even if HRQ is active. The responsibility of the host 
is to assure that programming and HLDA are mutual- 
ly exclusive. Note that a problem can occur if a DMA 
request occurs, on an unmasked channel while the 
8237A is being programmed. For instance, the CPU 
may be starting to reprogram the two byte Address 
register of channel 1 when channel 1 receives a 
DMA request. If the 8237A is enabled (bit 2 in the 
command register is 0) and channel 1 is unmasked, 
a DMA service will occur after only one byte of the 
Address register has been reprogrammed. This can 
be avoided by disabling the controller (setting bit 2 in 
the command register) or masking the channel be- 
fore programming any other registers. Once the pro- 
gramming is complete, the controller can be en- 
abled/unmasked. 


After power-up it is suggested that all internal lo~a- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 


channels are unused. An invalid mode may force all 
control signals to go active at the same time. 


APPLICATION 
INFORMATION 
(Note 1) 


Figure 8 shows a convenient method for configuring 
a DMA system with the 8237A controller and a~ 
8080Al8085AH microprocessor system. The multl- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 
from a peripheral device. When the processor re- 
plies with a HLDA signal, the 8237A takes control of 
the address bus, the data bus and the control bus. 
The address for the first transfer operation comes 
out in two bytes-the 
least significant 8 bits on the 


eight address outputs and the most significant 8 bits 
on the data bus. The contents of the data bus are 
then latched into an 8-bit latch to complete the full 
16 bits of the address bus. The 8282 is a high 
speed, 8-bit, three-state latch in a 20-pin pac.kage. 
After the initial transfer takes place, the latch IS up- 
dated only after a carry or borrow is generated in the 
least significant address byte. Four DMA channels 
are provided when one 8237A is used. 
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Note Ap·67 
for 8086 design 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
O'C to 70'C 


Case Temperature 
O'C to + 75'C 


Storage Temperature 
- 65'C to + 150'C 


Voltage 
on Any Pin with 
Respect to Ground 
-0.5Vto 
+7V 


Power Dissipation 
1.5 Watt 


D.C. CHARACTERISTICS 
TA = O'C to 70'C, 
TCASE = O'C to 75'C, 
Vcc = 
+5.0V 
±5%, 
GND = OV 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 
(Note 
1) 


VOH 
Output High Voltage 
2.4 
V 
IOH = -200j.LA 


3.3 
V 
IOH = -100 
j.LA(HRO Only) 


VOL 
Output LOW Voltage 
0.40 
V 
IOL = 3.2mA 


VIH 
Input HIGH Voltage 
2.0 
Vcc 
+ 0.5 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


III 
Input Load Current 
±10 
j.LA 
OV ~ VIN ~ Vcc 


ILO 
Output Leakage Current 
±10 
j.LA 
0.45V ~ VOUT ~ Vcc 


Icc 
Vcc Supply Current 
110 
130 
mA 
TA = +25'C 


130 
150 
mA 
TA = O'C 


Co 
Output Capacitance 
4 
8 
pF 


CI 
Input Capacitance 
8 
15 
pF 
fc = 1.0 MHz, Inputs = OV 


CIO 
I/O Capacitance 
10 
18 
pF 


NOTE: 
1. Typical 
values 
are for TA = 2S'C, 
nominal 
supply voltage 
and nominal 
processing 
parameters. 
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A.C. CHARACTERISTIC5-DMA 
(MASTER) MODE 


TA = O·C to 70·C, TCASE = O·C to 7S·C, vcc = +sv ±S%, GND = OV 


Parameter 
8237A 
8237A-4 
8237A·5 
Unit 
Symbol 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TAEl 
AEN HIGH from ClK 
lOW 
(S1) Delay Time 
300 
225 
200 
ns 


TAET 
AEN lOW 
from ClK 
HIGH (SI) Delay Time 
200 
150 
130 
ns 


TAFAB 
ADR Active to Float Delay from ClK 
HIGH 
150 
120 
90 
ns 


TAFC 
READ or WRITE 
Float from ClK 
HIGH 
150 
120 
120 
ns 


TAFDB 
DB Active to Float Delay from ClK 
HIGH 
250 
190 
170 
ns 


TAHR 
ADR from READ HIGH Hold Time 
TCY-100 
TCY-100 
TCY-100 
ns 


TAHS 
DB from ADSTB 
lOW 
Hold Time 
40 
40 
30 
ns 


TAHW 
ADR from WRITE 
HIGH Hold Time 
TCY-50 
TCY-50 
TCY-50 
ns 


TAK 
DACK Valid from ClK 
lOW 
Delay Time (Note 1) 
250 
220 
170 
ns 


EOP HIGH from ClK 
HIGH Delay Time (Note 2) 
250 
190 
170 
ns 


EOP lOW 
from ClK 
HIGH Delay Time 
250 
190 
170 
ns 


TASM 
ADR Stable from ClK 
HIGH 
250 
190 
170 
ns 


TASS 
DB to ADSTB 
lOW 
Setup Time 
100 
100 
100 
ns 


TCH 
Clock High Time (Transitions,;; 
10 ns) 
120 
100 
80 
ns 


TCl 
Clock lOW 
Time (Transitions,;; 
10 ns) 
150 
110 
68 
ns 


TCY 
ClK 
Cycle Time 
320 
250 
200 
ns 


TDCl 
ClK 
HIGH to READ or WRITE 
lOW 
Delay (Note 3) 
270 
200 
190 
ns 


TDCTR 
READ HIGH from ClK 
HIGH 
270 
210 
190 
ns 
(S4) Delay Time (Note 3) 


TDCTW 
WRITE 
HIGH from ClK 
HIGH 
200 
150 
130 
ns 
(54) Delay Time (Note 3) 


TDQ1 
HRQ Valid from ClK 
HIGH Delay Time (Note 4) 
160 
120 
120 
ns 


TDQ2 
250 
190 
120 
ns 


TEPS 
EOP lOW 
from ClK 
lOW 
Setup Time 
60 
45 
40 
ns 


TEPW 
EOP Pulse Width 
300 
225 
220 
ns 


TFAAB 
ADR Float to Active 
Delay from ClK 
HIGH 
250 
190 
170 
ns 


TFAC 
READ or WRITE Active from ClK 
HIGH 
200 
150 
150 
ns 


TFADB 
DB Float to Active 
Delay from ClK 
HIGH 
300 
225 
200 
ns 


THS 
HlDA 
Valid to ClK 
HIGH Setup Time 
100 
75 
75 
ns 


TIDH 
Input Data from MEMR HIGH Hold Time 
0 
0 
0 
ns 


TIDS 
Input Data to MEMR 
HIGH Setup Time 
250 
190 
170 
ns 


TODH 
Output 
Data from MEMW 
HIGH Hold Time 
20 
20 
10 
ns 


TODV 
Output 
Data Valid to MEMW 
HIGH 
200 
125 
125 
ns 


TQS 
DREQ to ClK 
lOW 
(SI, 54) Setup Time (Note 1) 
0 
0 
0 
ns 


TRH 
ClK 
to READY 
lOW 
Hold Time 
20 
20 
20 
ns 


TRS 
READY to ClK 
lOW 
Setup Time 
100 
60 
60 
ns 


TSTl 
ADSTB 
HIGH from ClK 
HIGH Delay Time 
200 
150 
130 
ns 


TSn 
ADSTB 
lOW 
from ClK 
HIGH Delay Time 
140 
110 
90 
ns 


inter 


A.C. CHARACTERISTICS-PERIPHERAL 
(SLAVE) MODE 


TA = O·C to 70·C, TCASE = O·C to 75·C, Vcc = + 5V ± 5%, GND = OV 


Symbol 
Parameter 
8237A 
8237A·4 
8237A·5 
Unit 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TAR 
ADR Valid or CS LOW to READ LOW 
50 
50 
50 
ns 


TAW 
ADR Valid to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TCW 
CS LOW to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TOW 
Data Valid to WRITE HIGH Setup Time 
200 
150 
130 
ns 


TRA 
ADR or CS Hold from READ HIGH 
0 
0 
0 
ns 


TRDE 
Data Access from READ LOW (Note 5) 
200 
200 
140 
ns 


TRDF 
DB Float Delay from READ HIGH 
20 
100 
20 
100 
0 
70 
ns 


TRSTO 
Power Supply HIGH to RESET LOW Setup Time 
500 
500 
500 
ns 


TRSTS 
RESET to First IOWR 
2TCY 
2TCY 
2TCY 
ns 


TRSTW 
RESET Pulse Width 
300 
300 
300 
ns 


TRW 
READ Width 
300 
250 
200 
ns 


TWA 
ADR from WRITE HIGH Hold Time 
20 
20 
20 
ns 


TWC 
CS HIGH from WRITE HIGH Hold Time 
20 
20 
20 
ns 


TWO 
Data from WRITE HIGH Hold Time 
30 
30 
30 
ns 


TWWS 
Write Width 
200 
200 
160 
ns 


TWR 
End of Write to End of Read in DMA Transfer 
0 
0 
0 
ns 


NOTES: 
1. DREO and DACK signals may be active high or active low. Timing diagrams assume the active high mode. 
2. EOP is a~n 
collector output. This parameter assumes the presence of a 2.2K pullup to Vcc. 
3. The net lOW or MEMW Pulse width for normal write will be TCY-l00 
ns and for extended write will be 2TCY-l00 
ns. 
The net lOR or MEMR pulse width for normal read will be 2TCY-50 
ns and for compressed read will be TCY-50 
ns. 


4. TOO is specified for two different output HIGH levels. TOOl is measured at 2.0V. TOO2 is measured at 3.3V. The value 
for TOO2 assumes an external 3.3 Kfi pull-up resistor connected from HRO to Vcc. 
5. Output Loading on the Data Bus is 1 TIL Gate plus 100 pF capacitance. 
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A.G. Testing: 
Inputs 
are driven 
at 2.4V for a Logic 
"1" 
and 0.45V 


for 
a Logic 
"0." 
Timing 
measurements 
are 
made 
at 2.0V 
for 
a 


Logic 
"1" 
and 0.8V 
for a Logic 
"0." 
Input 
timing 
parameters 
as- 


sume 
transition 
times 
of 20 ns or less. 
Waveform 
measurement 


points 
for 
both 
input 
and 
output 
signals 
are 2.0V 
for 
HIGH 
and 


0.8V for LOW. 
unless 
otherwise 
noted. 


NOTE: 
1. Successive read and/or write operations by the external processor to program or examine the controller must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. 


'U1===-_TRO_E_ 
TRW-==--i_~_~:~ 


DBO-DI7 
------------------------{ 
DATA OUT VALID 
~ 


NOTE: 
1. Successive read and/or write operations by the external processor to program or examine the controller must be 
timed to allow at least 600 ns for the 8237A, at least 500 ns for the 8237A-4, and at least 400 ns for the 8237A-5 as 
recovery time between active read or write pulses. The same recovery time is needed between an active read or write 
pulse followed by a DMA transfer. 
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NOTE: 
1. DREQ should 
be held active 
until DACK is returned. 


EXT£ND£D~ 
WRITE 
TRH 
f-- 


T.SS1 
\\\\\\\ill 


~_T'S 


INT 
EiiP 
::-_~_L~w 


Vcc ----/1--- 
_~)_TRSTW_ 


RESET 
_ 


inter 


1. Cascading from channel zero. When using mul- 


tiple 8237s, always start cascading with channel 
zero. Channel zero of the 8237 will operate incor- 
rectly if one or more of channels 1, 2, or 3 are 
used in the cascade mode while channel zero is 
used in a mode other than cascade. 
2. Do not treat the DREQsignal as an asynchro- 


nous Input while the channel Is In the "de- 
mand" or "cascade" modes. If DREQ becomes 
inactive at any time during state S4, an illegal 
state may occur causing the 8237 to operate im- 
properly. 
3. HRQ must remain active until HLDA becomes 


active. If HRQ goes inactive before HLDA is re- 
ceived the 8237 can enter an illegal state causing 
it to operate improperly. 


4. Make sure the MEMR# line has 50 pF loading 


capacitance on It. When doing memory to mem- 
ory transfers, the 8237 requires at least 50 pF 
loading capacitance on the MEMR/I 
signal for 


proper operation. In most cases board capaci- 
tance is sufficient. 


5. Treat the READY Input as a synchronous In- 


put 
If a transition occurs during the setup/hold 


window, erratic operation may result. 


The following list represents key differences be- 
tween this and the -002 data sheet. Please review 
this summary carefully. 
1. Major cleanup on the "NOTE" sections of this 


data sheet. 


a. Pin 5 no longer references a note. It is now 


included in the pin description area under the 
name "PINS". 


b. The note placed in the "typical" section of the 


D.C. Characteristics table is now referenced to 
a note section included with that table. 


c. Notes in the A.C. Characteristics table have 


been renumbered and are included in a notes 
section for the A.C. Characteristics. 


d. The note that was previously referenced in the 


A.C. TESTING INPUT/OUTPUT WAVEFORM 
diagram has been replaced with the actual 
note. 


e. The note that was previously referenced in the 


SLAVE MODE WRITE TIMING diagram has 
been included in a "NOTE" 
section with the 


diagram. 


f. The note that was previously referenced in the 


SLAVE MODE READ TIMING diagram has 
been included in a "NOTE" section with the dia- 
gram. 


g. The note that was previously referenced in the 


DMA TRANSFER TIMING diagram has been 
included in a "NOTE" section with the diagram. 


2. A "Design Considerations" section was added to 


alert designers to certain design aspects of the 
8237. 


3. The timing parameters TAR for the 8237A-4 and 


8237A-5 have been changed from 50 ns to 0 ns. 


inter 


82C37A-5 


CHMOS HIGH PERFORMANCE 


PROGRAMMABLE 
DMA CONTROLLER 


• Pin Compatible 
with NMOS 8237A·5 
• Address 
Increment 
or Decrement 
• Enable/Disable 
Control 
of Individual 
• High performance: 
5 MHz Speed 
DMA Requests 
Transfers 
up to 1.6 MBytes/Second 
• Fully Static Design with Frequency 
• Directly 
Expandable 
to any Number 
of 
Range from DC to 5 MHz 
Channels 


• Low Power 
Operation 
• End of Process 
Input for Terminating 
• Four Independent 
DMA Channels 
Transfers 


• Independent 
Autoinitialization 
of all 
• Software 
DMA Requests 


Channels 
• Independent 
Polarity 
Control 
for DREQ 
• Memory-to-Memory 
Transfers 
and DACK Signals 


• Memory 
Block Initialization 
• Will Be Available 
in 40-Lead 
Plastic DIP 


The 
Intel 82C37 A-5 
Multimode 
Direct 
Memory 
Access 
(DMA) 
Controller 
is a CHMOS 
peripheral 
interface 
circuit for microprocessor 
systems. 
It is designed 
to improve system performance 
by allowing 
external 
devices 
to directly 
transfer 
information 
from the system 
memory. 
Memory-to-memory 
transfer 
capability 
is also provid- 
ed. The 82C37 A-5 offers 
a wide variety 
of programmable 
control 
features 
to enhance 
data throughput 
and 
system 
optimization 
and to allow dynamic 
reconfiguration 
under program 
control. 


The 82C37 A-5 is designed 
to be used in conjunction 
with an external 
8-bit address 
register. 
It contains 
four 


independent 
channels 
and may be expanded 
to any number 
of channels 
by cascading 
additional 
controller 
chips. 


The three basic transfer 
modes allow programmability 
of the types of DMA service 
by the user. Each channel 
can be individually 
programmed 
to Autoinitialize 
to its original 
condition 
following 
an End of Process 
(EOP). 


Each channel 
has a full 64K address 
and word count capability. 


DREQO- 
.• 
OREQI 


HLOA 


HOO 
DACKO· 
.• 


OACK3 
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Figure 2. 82C37A·5 
40·Lead DIP Configuration 
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Symbol 
Type 
Name and Function 


Vcc 
POWER: +5 volt supply. 


Vss 
GROUND: 
Ground. 


ClK 
I 
CLOCK INPUT: Clock Input controls 
the internal operations 
of the 


82C37 A-5 and its rate of data transfers. 
The input may be driven at 


up to 5 MHz for the 82C37 A-5. 


CS 
I 
CHIP SELECT: Chip Select is an active low input used to select the 
82C37A-5 
as an I/O device during the Idle cycle. This allows CPU 


communication 
on the data bus. 


RESET 
I 
RESET: Reset is an active high input which clears the Command, 
Status, Request 
and Temporary 
registers. 
It also clears the first/last 


flip-flop 
and sets the Mask register. Following 
a Reset the device is 


in the Idle cycle. 


READY 
I 
READY: Ready is an input used to extend the memory read and 
write pulses from the 82C37 A-5 to accommodate 
slow memories 
or 


I/O peripheral 
devices. 
Ready must not make transitions 
during its 


specified 
setup/hold 
time. 


HlDA 
I 
HOLD ACKNOWLEDGE: 
The active high Hold Acknowledge 
from 


the CPU indicates 
that it has relinquished 
control 
of the system 


busses. 


DREQO-DREQ3 
l 
I 
DMA REQUEST: The DMA Request 
lines are individual 


asynchronous 
channel 
request inputs used by peripheral 
circuits to 


obtain DMA service. 
In fixed Priority, DREQO has the highest priority 


.- 
and DREQ3 has the lowest priority. A request is generated 
by 


activating 
the DREQ line of a channel. 
DACK will acknowledge 
the 


recognition 
of DREQ signal. Polarity of DREQ is programmable. 


Reset initializes these lines to active high. DREQ must be 
maintained 
until the corresponding 
DACK goes active. 


DBO-DB7 
I/O 
OAT A BUS: The Data Bus lines are bidirectional 
three-state 
signals 


connected 
to the system data bus. The outputs are enabled 
in the 


Program condition 
during the I/O Read to output the contents 
of an 


I" 


Address 
register, a Status register, the Temporary 
register or a 


Word Count register to the CPU. The outputs are disabled 
and the 


inputs are read during an I/O Write cycle when the CPU is 
programming 
the 82C37 A-5 control 
registers. 
During DMA cycles 


the most significant 
8 bits of the address are output onto the data 


bus to be strobed 
into an external 
latch by ADSTB. 
In memory-to- 


memory operations, 
data from the memory comes into the 


82C37 A-5 on the data bus during the read-from-memory 
transfer. 
In 


the write-to-memory 
transfer, 
the data bus outputs 
place the data 


into the new memory location. 


lOR 
I/O 
I/O READ: I/O Read is a bidirectional 
active low three-state 
line. In 


the Idle cycle, it is an input control 
signal used by the CPU to read 


the control 
registers. 
In the Active cycle, it is an output control 
signal 


used by the 82C37 A-5 to access data from a peripheral 
during a 


DMA Write transfer. 


lOW 
I/O 
I/O WRITE: I/O Write is a bidirectional 
active low three-state 
line. In 


the Idle cycle, it is an input control 
signal used by the CPU to load 


information 
into the 82C37 A-5. In the Active cycle, it is an output 


control 
signal used by the 82C37A-5 
to load data to the peripheral 


during a DMA Read transfer. 


inter 


Symbol 
Type 
Name and Function 


EOP 
I/O 
END OF PROCESS: 
End of Process is an active low bidirectional 


signal. Information 
concerningcihe 
completion 
of DMA services 
is 


available 
at the bidirectional 
E 
P pin. The 82C37 A-5 allows an 


external 
signal to terminate 
an active DMA service. This is 
__ 


accomplished 
by pulling the EOP input low with an external 
EOP 


signal. The 82C37 A-5 also generates 
a pulse when the terminal 


count (TC) for any channel 
is reached. 
This generates 
an EOP 


signal which is output through the EOP Line. The reception 
of EOP, 


either internal or external, will cause the 82C37 A-5 to terminate 
the 


service, 
reset the request, and, if Autoinitialize 
is enabled, 
to write 


the base registers to the current registers 
of that channel. 
The mask 


bit and TC bit in the status word will be set for the currently 
active 


channel 
by EOP unless the channel 
is programmed 
for 


Autoinitialize. 
In that case, the mask bit remains unchanged. 
During 


memory-to-memory 
transfers, 
EOP will be output when the TC for 


channel 
1 occurs. 
EOP should be tied high with a pull-up resistor if it 


is not used to prevent erroneous 
end of process 
inputs. 


AO-A3 
I/O 
ADDRESS: 
The four least significant 
address 
lines are bidirectional 


three-state 
signals. In the Idle cycle they are inputs and are used by 


the CPU to address the register to be loaded or read. In the Active 
cycle they are outputs and provide the lower 4 bits of the output 
address. 


A4-A7 
0 
ADDRESS: 
The four most significant 
address 
lines are three-state 


outputs and provide 4 bits of address. These lines are enabled 
only 


during the DMA service. 


HRQ 
0 
HOLD REQUEST: This is the Hold Request to the CPU and is used 
to request control 
of the system bus. If the corresponding 
mask bit 
is clear, the presence 
of any valid DREQ causes 82C37 A-5 to issue 


the HRQ. After HRQ goes active at least one clock cycle (TCY) 
must occur before HLDA goes active. 


DACKO-DACK3 
0 
DMA ACKNOWLEDGE: 
DMA Acknowledge 
is used to notify the 


individual 
peripherals 
when one has been granted a DMA cycle. The 


sense of these lines is programmable. 
Reset initializes them to 


active low. 


AEN 
0 
ADDRESS 
ENABLE: Address 
Enable enables 
the 8-bit latch 


containing 
the upper 8 address 
bits onto the system address 
bus. 


AEN can also be used to disable other system bus drivers during 
DMA transfers. 
AEN is active HIGH. 


ADSTB 
0 
ADDRESS 
STROBE: The active high, Address 
Strobe is used to 


strobe the upper address 
byte into an external 
latch. 


MEMR 
0 
MEMORY 
READ: The Memory 
Read signal is an active low three- 


state output used to access data from the selected 
memory 
location 


during a DMA Read or a memory-to-memory 
transfer. 


MEMW 
0 
MEMORY 
WRITE: The Memory Write is an active low three-state 


output used to write data to the selected 
memory location 
during a 


DMA Write or a memory-to-memory 
transfer. 


PIN5 
I 
PINS: This pin should always be at a logic HIGH level. An internal 
pull-up resistor will establish 
a logic HIGH when the pin is left 
floating. 
It is recommended, 
however, 
that PIN5 be connected 
to 
Vcc· 


The 82C37 A-5 block diagram includes the major log- 
ic blocks 
and all of the internal 
registers. 
The data 


interconnection 
paths 
are also 
shown. 
Not 
shown 


are the various 
control 
signals 
between 
the blocks. 


The 82C37 A-5 contains 
344 bits of internal 
memory 


in the form of registers. 
Figure 3 lists these registers 


by' name 
and 
shows 
the 
size of each. 
A detailed 


description 
of the registers 
and their functions 
can 


be found 
under Register 
Description. 


Nama 
SIze 
Number 


Base Address 
Registers 
16 bits 
4 


Base Word Count 
Registers 
16 bits 
4 


Current 
Address 
Registers 
16 bits 
4 
Current 
Word Count 
Registers 
16 bits 
4 


Temporary 
Address 
Register 
16 bits 
1 
Temporary 
Word Count 
Register 
16 bits 
1 
Status 
Register 
8 bits 
1 
Command 
Register 
8 bits 
1 
Temporary 
Register 
8 bits 
1 
Mode 
Registers 
6 bits 
4 
Mask Register 
4 bits 
1 
Request 
Register 
4 bits 
1 


Figure 
3. 82C37 A-S Internal 
Registers 


The 82C37 A-5 contains 
three basic blocks of control 


logic. 
The 
Timing 
Control 
block 
generates 
internal 


timing and external 
control 
signals for the 82C37 A-5. 
The Program 
Command 
Control 
block decodes 
the 


various commands 
given to the 82C37 A-5 by the mi- 


croprocessor 
prior to servicing 
a DMA 
Request. 
It 


also decodes 
the Mode Control 
word used to select 


the type 
of DMA during 
the servicing. 
The 
Priority 


Encoder 
block 
resolves 
priority 
contention 
between 


DMA channels 
requesting 
service 
simultaneously. 


The 
Timing 
Control 
block 
derives 
internal 
timing 


from the clock input. In 82C37 A-5 systems 
this input 


will usually 
be the 
<1>2TTl 
clock 
from 
an 8224 
or 


ClK 
from 
an 8085AH 
or 82C84A. 
For 8085AH-2 


systems 
above 
3.9 MHz, the 8085 ClK(OUT) 
does 


not satisfy 82C37A-5 
clock 
lOW 
and HIGH time re- 


quirements. 
In this case, an external clock should be 


used to drive the 82C37 A-5. 


DMA Operation 


The 82C37 A-5 is designed 
to operate 
in two major 


cycles. 
These 
are 
called 
Idle 
and 
Active 
cycles. 
Each device cycle is made up of a number of states. 
The 82C37A-5 
can assume 
seven 
separate 
states, 


each composed 
of one full clock period. 5tate 
1 (51) 


is 
the 
inactive 
state. 
It 
is 
entered 
when 
the 


82~37.A.5 
has 
no 
valid 
DMA 
requests 
pending. 


While In 51, the DMA controller 
is inactive 
but may 


be in the Program 
Condition, 
being programmed 
by 


the processor. 
5tate 
50 
(50) 
is the first state 
of a 


DMA service. 
The 82C37 A-5 has requested 
a hold 


but the processor 
has not yet returned 
an acknowl· 


edge. The 82C37 A-5 may still be programmed 
until it 


receives 
HlDA 
from the CPU. An acknowledge 
from 


the CPU will signal 
that 
DMA transfers 
may begin. 


51, 
52, 
53 
and 
54 
are the 
working 
states 
of the 


DMA service. 
If more time is needed 
to complete 
a 


transfer 
than 
is available 
with 
normal 
timing, 
wait 


states 
(5W) can be inserted 
between 
52 or 53 and 


54 by the use of the Ready 
line on the 82C37 A-5. 


Note 
that 
the data 
is transferred 
directly 
from 
the 


1/0 device 
to memory 
(or vice versa) with lOR and 


MEMW 
(or 
MEMR 
and 
lOW) 
being 
active 
at the 


same time. The data is not read into or driven out of 
the 
82C37A-5 
in I/O-to-memory 
or memory-to-I/O 


DMA transfers. 


Memory-to-memory 
transfers 
require 
a 
read-from 


and a write-to-memory 
to complete 
each 
transfer. 


The 
states, 
which 
resemble 
the 
normal 
working 


states, use two digit numbers 
for identification. 
Eight 


states are required for a single transfer. 
The first four 


states 
(511, 
512, 513, 
514) 
are used for the read- 


from-memory 
half and the last four states (521, 522, 


523, 524) for the write-to-memory 
half of the transfer. 


When 
no 
channel 
is 
requesting 
service, 
the 


82C37 A-5 will enter the Idle cycle and perform 
"51" 


states. 
In this cycle 
the 82C37 A-5 will sample 
the 


DREQ 
lines 
every 
clock 
cycle 
to determine 
if any 


channel 
is re~esting 
a DMA service. The device will 


also sample C5, looking for an attempt 
by the micro- 


processor 
to write 
or~ad 
the internal 
registers 
of 


the 82C37A-5. 
When C5 is low and HlDA 
is low, the 


82C37 A-5 enters 
the Program 
Condition. 
The CPU 


can 
now 
establish, 
change 
or inspect 
the 
internal 


definition 
of the part by reading from or writing to the 


internal 
registers. 
Address 
lines AO-A3 
are inputs to 


the device and select which registers 
will be read or 


written. 
The lOR and' lOW lines are used to select 


and time reads or writes. Due to the number and size 
of the internal 
registers, 
an internal 
flip-flop 
is used 


to generate 
an additional 
bit of address. 
This bit is 


used to determine 
the upper or lower byte of the 16- 


bit Address 
and Word Count registers. 
The flip-flop 


is reset by Master 
Clear or Reset. 
A separate 
soft- 


ware command 
can also reset this flip-flop. 


5pecial 
software 
commands 
can be executed 
by the 


82C37 A-5 
in the 
Program 
Condition. 
These 
com- 


mands 
are decoded 
as sets of addresses 
with the 


C5 and lOW. The commands 
do not make 
use of 


the 
data 
bus. 
Instructions 
include 
Clear 
First/last 


Flip-Flop 
and Master Clear. 


When 
the 82C37 A-5 is in the Idle cycle and a non- 


masked channel 
requests 
a DMA service, the device 


will output an HRQ to the microprocessor and enter 
the Active cycle. It is in this cycle that the DMA serv- 
ice will take place, in one of four modes: 


Single Transfer Mode - 
In Single Transfer mode 


the device is programmed to make one transfer only. 
The word count will be decremented and the ad- 
dress decremented or incremented following each 
transfer. When the word count "rolls over" from zero 
to FFFFH, a Terminal Count (TC)will cause an Auto- 
initialize if the channel has been programmed to do 
so. 


DREQ must be held active until DACK becomes ac- 
tive in order to be recognized. If DREQ is held active 
throughout the single transfer, HRQ will go inactive 
and release the bus to the system. It will again go 
active and, upon receipt of a new HLDA, another 
single transfer will be performed, in 8080A, 8085AH, 
80C88, or 80C86 system this will ensure one full ma- 
chine cycle execution between DMA transfers. De- 
tails of timing between the 82C37A-5 and other bus 
control protocols will depend upon the characteris- 
tics of the microprocessor involved. 


Block Transfer Mode - 
In Block Transfer mode 


the device is activated by DREQ to continue making 
transfers during the service until a TC, caused by 
word count going to FFFFH, or an external End of 
Process (EOP) is encountered. DREQ need only be 
held active until DACK becomes active. Again, an 
Autoinitialization will occur at the end of the service 
if the channel has been programmed for it. 


Demand Transfer Mode - 
In Demand Transfer 


mode the device is programmed to continue making 
transfers until a TC or external EOP is encountered 
or until DREQ goes inactive. Thus transfers may 
continue until the I/O device has exhausted its data 
capacity. After the I/O device has had a chance to 
catch up, the DMA service is re-established by 
means of a DREQ. Duringthe time between services 
when the microprocessor is allowed to operate, the 
intermediate values of address and word count are 
stored in the 82C37A-5 Current Address and Current 
Word Count registers. Only an EOP can cause an 
Autoinitialize at the end of the service. EOP is gener- 
ated either by TC or by an external signal. 


Cascade Mode - 
This mode is used to cascade 


more than one 82C37A-5 together for simple system 
expansion. The HRQ and HLDA signals from the ad- 
ditional 82C37A-5 are connected to the DREQ and 
DACK signals of a channel of the initial 82C37A-5. 
This allows the DMA requests of the additional de- 
vice to propagate through the priority network cir- 
cuitry of the preceding device. The priority chain is 
preserved and the new device must wait for its turn 
to acknowledge requests. Since the cascade chan- 
nel of the initial 82C37A-5 is used only for prioritizing 
the additional device, it does not output any address 


or control signals of its own. These could conflict 
with the outputs of the active channel in the added 
device. The 82C37A-5 will respond to DREQ and 
DACK but all other outputs except HRQ will be dis- 
abled. The ready input is ignored. 


Figure 4 shows two additional devices cascaded into 
an initial device using two of the previous channels. 
This 
forms 
a 
two 
level 
DMA 
system. 
More 


82C37A-5s could be added at the second level by 
using the remaining channels of the first level. Addi- 
tional devices can also be added by cascading into 
the channels of the second level devices, forming a 
third level. 


ADDmONAL 
DEV1CU 
231202-3 


Each of the three active transfer modes can perform 
three different types of transfers. These are Read, 
Write and Verify. Write transfers move data from and 
I/O device to the memory by activating MEMW and 
lOR. Read transfers move data from memory to an 
I/O device by activating MEMR and lOW. Verify 
transfers are pseudo transfers. The 82C37A-5 oper- 
ates as in Read or Write transfers generating ad- 
dresses, and responding to EOP, etc. However, the 
memory and I/O control lines all remain inactive. 
The ready input is ignored in verify mode. 


Memory-to-Memory - 
To perform block moves of 


data from one memory address space to another 
with a minimum of program effort and time, the 
82C37A-5 includes a memory-to-memory transfer 
feature. Programming a bit in the Command register 
selects channels 0 to 1 to operate as memory-to- 
memory transfer channels. The transfer is initiated 
by setting the software DREQ for channel O. The 


82C37A-5 requests a DMA service in the normal 
manner. After HLDA is true, the device, using four 
state transfers in Block Transfer mode, reads data 
from the memory. The channel 0 Current Address 
register is the source for the address used and is 
decremented or incremented in the normal manner. 
The data byte read from the memory is stored in the 
82C37A-5 internal Temporary register. Channel 1 
then performs a four-state transfer of the data from 
the Temporary register to memory using the address 
in its Current Address register and incrementing or 
decrementing it in the normal manner. The channel 
1 current Word Count is decremented. When the 
word count of channel...!.J1.oesto FFFFH, a TC is 
generated causing an EOP output terminating the 
service. 


Channel 0 may be programmed to retain the same 
address for all transfers. This allows a single word to 
be written to a block of memory. 


The 82C37A-5 will respond to external EOP signals 
during memory-to-memory transfers. Data compara- 
tors in block search schemes may use this input to 
terminate the service when a match is found. The 
timing of memory-to-memory transfers is found in 
Figure 12. Memory-to-memory operations can be 
detected as an active AEN with no DACK outputs. 


Autoinitialize 
- 
By programming a bit in the Mode 


register, a channel may be set up as an Autoinitialize 
channel. During Autoinitialize initialization, the origi- 
nal values of the Current Address and Current Word 
Count registers are automatically restored from the 
Base Address and Base Word count registers of that 
channel following EOP. The base registers are load- 
ed simultaneously with the current registers by the 
microprocessor and remain unchanged throughout 
the DMA service. The mask bit is not altered when 
the channel is in Autoinitialize. Following Autoinitial- 
ize the channel is ready to perform another DMA 
service, without CPU intervention, as soon as a valid 
DREQ is detected. In order to Autoinitialize both 
channels in a memory-to-memory transfer, both 
word counts should be programmed identically. If in- 
terrupted externally, EOP pulses should be applied 
in both bus cycles. 


Priority 
- 
The 82C37A-5 has two types of priority 


encoding available as software selectable options. 
The first is Fixed Priority which fixes the channels in 
priority order based upon the descending value of 
their number. The channel with the lowest priority is 
3 followed by 2, 1 and the highest priority channel, O. 
After the recognition of anyone channel for service, 
the other channels are prevented from interfering 
with that service until it is completed. 


The second scheme is Rotating Priority. The last 
channel to get service becomes the lowest priority 
channel with the others rotating accordingly. 


o 
2_ 
service\3 _ 
service 


1_service 
~ 
3 _request 
0 


2 
,0 
1 


3 
1 
2 
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With Rotating Priority in a single chip DMA system, 
any device requesting service is guaranteed to be 
recognized after no more than three higher priority 
services have occurred. This prevents anyone 
channel from monopolizing the system. 


Compressed 
Timing 
- 
In order to achieve even 


greater throughput where system characteristics 
permit, the 82C37A-5 can compress the transfer 
time to two clock cycles. From Figure 11 it can be 
seen that state S3 is used to extend the access time 
of the read pulse. By removing state S3, the read 
pulse width is made equal to the write pulse width 
and a transfer consists only of state S2 to change 
the address and state S4 to perform the read/write. 
S1 states will still occur when A8-A15 need updat- 
ing (see Address Generation). Timing for com- 
pressed transfers is found in Figure 14. 


Address 
Generation 
- 
In order to reduce pin 


count, the 82C37A-5 multiplexes the eight higher or- 
der address bits on the data lines. State S1 is used 
to output the higher order address bits to an external 
latch from which they may be placed on the address 
bus. The falling edge of Address Strobe (ADSTB) is 
used to load these bits from the data lines to the 
latch. Address Enable (AEN) is used to enable the 
bits onto the address bus through a three-state en- 
able. The lower order address bits are output by the 
82C37A-5 directly. Lines AD-A7 should be connect- 
ed to the address bus. Figure 11 shows the time 
relationships between CLK, AEN, ADSTB, DBO- 
DB7 and AD-A7. 


During Block and Demand Transfer mode services, 
which include multiple transfers, the addresses gen- 
erated will be sequential. For many transfers the 
data held in the external address latch will remain 
the same. This data need only change when a carry 
or borrow from A7 to A8 takes place in the normal 
sequence of addresses. To save time and speed 
transfers, the 82C37A-5 executes S1 states only 
when updating of A8-A 15 in the latch is necessary. 
This means for long services, S1 states and Address 
Strobes may occur only once every 256 transfers, a 
savings of 255 clock cycles for each 256 transfers. 


Current 
Address 
Register 
- 
Each channel has a 


16-bit Current Address register. This register holds 


inter 


the value of the address used during DMA transfers. 
The address is automatically incremented or decre- 
mented after each transfer and the intermediate val- 
ues of the address are stored in the Current Address 
register during the transfer. This register is written or 
read by the 
microprocessor in successive 8-bit 


bytes. It may also be reinitialized by an Autoinitialize 
back to its original value. Autoinitialize takes place 
only after an EOP. 


Current Word Register - 
Each channel has a 16- 
bit Current Word Count register. This register deter- 
mines the number of transfers to be performed. The 
actual number of transfers will be one more than the 
number programmed in the Current Word Count reg- 
ister (Le., programming a count of 100 will result in 
101 transfers). The word count is decremented after 
each transfer. The intermediate value of the word 
count is stored in the register during the transfer. 
When the value in the register goes from zero to 
FFFFH, a TC will be generated. This register is load- 
ed or read in successive 8-bit bytes by the micro- 
processor in the Program Condition. Following the 
end of a DMA service it may also be reinitialized by 
an Autoinitialization back to its original value. Auto- 
initialize can occur only when an EOP occurs. If it is 
not Autoinitialized, this register will have a count of 
FFFFH after TC. 


Base Address and Base Word Count Registers 
- 
Each channel has a pair of Base Address and 


Base Word Count registers. These 16-bit registers 
store the original value of their associated current 
registers. During Autoinitialize these values are used 
to restore the current registers to their original val- 
ues. The base registers are written simultaneously 
with their corresponding current register in 8-bit 
bytes in the Program Condition by the microproces- 
sor. These registers cannot be read by the micro- 
processor. 


Command Register - 
This 8-bit register controls 


the operation of the 82C37A-5. It is programmed by 
the microprocessor in the Program Condition and is 
cleared by Reset or a Master Clear instruction. The 
following table lists the function of the command 
bits. See Figure 6 for address coding. 


Mode Register - 
Each channel has a 6-bit Mode 


register associated with it. When the register is being 
written to by the microprocessor in the Program 
Condition, bits 0 and 1 determine which channel 
Mode register is to be written. 


Request Register - 
The 82C37A-5 can respond to 


requests for DMA service which are initiated by soft- 
ware as well as by a DREQ. Each channel has a 
request bit associated with it in the 4-bit Request 
register. These are non-maskable and subject to pri- 
oritization by the Priority Encoder network. Each 


register bit is set or reset separately under software 
control or is cleared upon generation of a TC or ex- 
ternal EOP.The entire register is cleared by a Reset. 
To set or reset a bit, the software loads the proper 
form of the data word. See Figure 5 for register ad- 


0 
Mamory·lo-memory 
dlsabla 


1 
Mamory·lo-memory 
anabla 


0 
Channel 0 IIddra •• hold dlsabl. 


1 
Chann.1 0 IIddra •• hold enabl. 
X 
If bit 0=0 


0 
Conlroller 
anabla 
1 
Conlroller 
dlsabla 


0 
Norm.1 liming 


1 
Compre •• ed liming 


X 
If bit 0=1 


0 
Fixed priority 


1 
Rot.llng 
prlorlly 


0 
Late write selection 
1 
Ext.nded 
wma •• Iecllon 


X 
If b1t3=1 


0 
DREQ .an ••• 
cllva high 


1 
DREQ .an •• acllva 
low 


0 
DACK •• n.a acllv. 
low 


1 
DACK .an •• acllva 
high 


00 
Verify transfer 


01 
Write transfer 


10 
Read tren.fer 


11 
Illegal 


XX If blt.e 
and 7=11 


00 
Demand mod •• elect 


01 
Singi. 
mod •• alect 


10 
Block mod ••• 
Iect 


11 
Cucede 
mode •• Iact 


inter 


dress coding. In order to make a software request, 
the channel must be in Block Mode. 


Mask Register 
- 
Each channel has associated 


with it a mask bit which can be set to disable the 
incoming DREQ. Each mask bit is set when its asso- 
ciated channel produces an EOP if the channel is 
not programmed for Autoinitialize. Each bit of the 4- 
bit Mask register may also be set or cleared sepa- 
rately under software control. The entire register is 
also set by a Reset. This disables all DMA requests 
until a clear Mask register instruction allows them to 
occur. The instruction to separately set or clear the 
mask bits is similar in form to that used with the 
Request register. See Figure 5 for instruction ad- 
dressing. 


l1 


00 
Select channel 0 mask bit 


01 
Select channel 
1 mask bit 
10 
Select channel 2 mask bit 
11 
Select channel 3 mask bit 


All four bits of the Mask register may also be written 
with a single command. 


o 
Clear channel 
3 mask bit 


1 
Set channel 
3 mask bit 
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Register 
Operation 
Signals 


CS 
lOR 
lOW 
A3 
A2 
A1 
AO 


Command 
Write 
0 
1 
0 
1 
0 
0 
0 


Mode 
Write 
0 
1 
0 
1 
0 
1 
1 


Request 
Write 
0 
1 
0 
1 
0 
0 
1 


Mask 
Set/Reset 
0 
1 
0 
1 
0 
1 
0 


Mask 
Write 
0 
1 
0 
1 
1 
1 
1 


Temporary 
Read 
0 
0 
1 
1 
1 
0 
1 


Status 
Read 
0 
0 
1 
1 
0 
0 
0 


Status Register - 
The Status register is available 


to be read out of the 82C37A-5 by the microproces- 
sor. It contains information about the status of the 
devices at this point. This information includes which 
channels have reached a terminal count and which 
channels have pending DMA requests. Bits 0-3 are 
set every time a TC is reached by that channel or an 
external EOP is applied. These bits are cleared upon 
Reset and on each Status Read. Bits 4-7 
are set 


whenever their corresponding channel is requesting 
service. 


Channel 0 has reached TC 
Channel 1 has reached TC 
Channel 2 has reached TC 
Channel 3 has reached TC 


Channel 0 request 
Channel 1 request 
Channel 2 request 
Channel 3 request 
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Temporary 
Register - 
The Temporary register is 


used to hold data during memory-to-memory trans- 
fers. Following the completion of the transfers, the 
last word moved can be read by the microprocessor 
in the Program Condition. The Temporary register 
always contains the last byte transferred in the previ- 
ous memory-to-memory operation, unless cleared 
by a Reset. 


Software Commands - 
These are additional spe- 


cial software commands which can be executed in 
the Program Condition. They do not depend on any 
specific bit pattern on the data bus. The three soft- 
ware commands are: 


Clear First/Last 
Flip-Flop: 
This command is exe- 


cuted prior to writing or reading new address or 
word count information to the 82C37A-5. This ini- 
tializes the flip-flop to a known state so that subse- 
quent accesses to register contents by the micro- 
processor will address upper and lower bytes in 
the correct sequence. 


Master 
Clear: 
This software instruction has the 


same effect as the hardware Reset. The Com- 
mand, Status, Request, Temporary, and Internal 
First/Last Flip-Flop registers are cleared and the 
Mask register is set. The 82C37A-5 will enter the 
Idle cycle. 


Clear 
Mask 
Register: 
This command clears the 


mask bits of all four channels, enabling them to 
accept DMA requests. 


inter 


Figure 6 lists the address codes for the software 
commands: 


Slgnala 
OperatIon 
A3 
A2 
A1 
AO 
fOR 
iOW 


1 
0 
0 
0 
0 
1 
Read Status 
Register 


1 
0 
0 
0 
1 
0 
Write Command 
Register 


1 
0 
0 
1 
0 
1 
Illegal 


1 
0 
0 
1 
1 
0 
Write 
Request 
Register 


1 
0 
1 
0 
0 
1 
Illegal 


1 
0 
1 
0 
1 
0 
Write Single 
Mask Register 
Bit 


1 
0 
1 
1 
0 
1 
Illegal 


1 
0 
1 
1 
1 
0 
Write 
Mode 
Register 


1 
1 
0 
0 
0 
1 
Illegal 


1 
1 
0 
0 
1 
0 
Clear Byte Pointer 
Flip-Flop 


1 
1 
0 
1 
0 
1 
Read Temporary 
Register 


1 
1 
0 
1 
1 
0 
Master 
Clear 


1 
1 
1 
0 
0 
1 
Illegal 


1 
1 
1 
0 
1 
0 
Clear Mask Register 


1 
1 
1 
1 
0 
1 
Illegal 


1 
1 
1 
1 
1 
0 
Wri1e All Mask Register 
Bits 


The 82C37A-5 will accept programming from the 
host processor any time that HLDA is inactive; this is 
true even if HRQ is active. The responsibility of the 
host is to assure that programming and HLDA are 
mutually exclusive. Note that a problem can occur if 
a DMA request occurs, on an unmasked channel 
while the 82C37A-5 is being programmed. For in- 
stance, the CPU may be starting to reprogram the 
two byte Address register of channel 1 when chan- 
nel 1 receives a DMA request. If the 82C37A-5 is 
enabled (bit 2 in the command register is 0) and 
channel 1 is unmasked, a DMA service will occur 
after only one byte of the Address register has been 
reprogrammed. This can be avoided by disabling the 
controller (setting bit 2 in the command register) or 
masking the channel before programming any other 
registers. Once the programming is complete, the 
controller can be enabled/unmasked. 


Channel 
Register 
Operation 
Signals 
Internal Flip-Flop 
Data Bus DBO-DB7 


CS lOR lOW A3 A2 A1 AD 


0 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
0 
0 
0 
AO-A7 


0 
1 
0 
0 
0 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
0 
0 
0 
AO-A7 


0 
0 
1 
0 
0 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
0 
1 
0 
WO-W7 


0 
1 
0 
0 
0 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
0 
1 
0 
WO-W7 


0 
0 
1 
0 
0 
0 
1 
1 
W8-W15 


1 
Base and Current Address 
Write 
0 
1 
0 
0 
0 
1 
0 
0 
AO-A7 


0 
1 
0 
0 
0 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
0 
1 
0 
0 
AO-A7 


0 
0 
1 
0 
0 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
0 
1 
1 
0 
WO-W7 


0 
1 
0 
0 
0 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
0 
1 
1 
0 
WO-W7 


0 
0 
1 
0 
0 
1 
1 
1 
W8-W15 


2 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
0 
0 
0 
AO-A7 


0 
1 
0 
0 
1 
0 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
0 
0 
0 
AO-A7 


0 
0 
1 
0 
1 
0 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
0 
1 
0 
WO-W7 


0 
1 
0 
0 
1 
0 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
0 
1 
0 
WO-W7 


0 
0 
1 
0 
1 
0 
1 
1 
W8-W15 


3 
Base and Current Address 
Write 
0 
1 
0 
0 
1 
1 
0 
0 
AO-A7 


0 
1 
0 
0 
1 
1 
0 
1 
A8-A15 


Current Address 
Read 
0 
0 
1 
0 
1 
1 
0 
0 
AO-A7 


0 
0 
1 
0 
1 
1 
0 
1 
A8-A15 


Base and Current Word Count 
Write 
0 
1 
0 
0 
1 
1 
1 
0 
WO-W7 


0 
1 
0 
0 
1 
1 
1 
1 
W8-W15 


Current Word Count 
Read 
0 
0 
1 
0 
1 
1 
1 
0 
WO-W7 


0 
0 
1 
0 
1 
1 
1 
1 
W8-W15 


Figure 7. Word Count and Address Register Command Codes 


2-262 


AD-A15 
AO·A3 
A4-A7 
~ 


BUSEN 


HLDA 
HLOA 
1l2C37•••• 
OBO- 
OB7 


HOLD 
HRQ 
Iii 
~ I 
~ 
~ 
WI 
~ 
"' 
U .. 


CPU 


CLQCK 


RESET 


iifiIll 


IIlliW 
~ 


1llW 


After power-up it is suggested that all internal loca- 
tions, especially the Mode registers, be loaded with 
some valid value. This should be done even if some 
channels are unused. 


Figure 8 shows a convenient method for configuring 
a DMA system with the 82C37A-5 controller and an 
8080Al8085AH microprocessor system. The multi- 
mode DMA controller issues a HRQ to the processor 
whenever there is at least one valid DMA request 


from a peripheral device. When the processor re- 
plies with a HLDA signal, the 82C37A-5 takes con- 
trol of the address bus, the data bus and the control 
bus. The address for the first transfer operation 
comes out in two bytes - 
the least significant 8 bits 


on the eight address outputs and the most signifi- 
cant 8 bits on the data bus. The contents of the data 
bus are then latched into the 8-bit latch to complete 
the full 16 bits of the address bus. After the initial 
transfer takes place, the latch is updated only after a 
carry or borrow is generated in the least significant 
address byte. Four DMA channels are provided 
when one 82C37A-5 is used. 


) 


CONTROL 
BUS 


intJ 


'Notice: Stresses above those listed under ':Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
under Bias 
O·C to 70'C 


Case Temperature 
O'C to +75'C 


Storage Temperature 
......•... 
- 55'C to + 150'C 


Voltage 
on Any Pin with 
Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
1.0 Watt 
NOTICE: Specifications contained within the 
following tables are subject to change. 


D.C. CHARACTERISTICS 
TA = O'C to 70'C, TCASE = O'C to 75'C, 
Vcc = + 5.0V 
± 5%, GND = OV 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


VOH 
Output High Voltage 
3.7 
V 
IOH = -1.0 
mA 


VOL 
Output LOW Voltage 
0.40 
V 
IOL = 3.2mA 


VIH 
Input HIGH Voltage 
2.2 
Vce + 0.5 
V 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


III 
Input Load Current 
±10 
,.,.A 
OV S;; VIN S;; Vce 


ILa 
Output Leakage Current 
±10 
,.,.A 
OV S;; VOUT s;;Vce 
I 


Ice 
Vee Supply Current 
10 
mA 
(Note 1) 


Ices 
Standby Supply Current 
10 
,.,.A 
HLDA = OV, VIL = OV, 


VIH = Vee 


Co 
Output Capacitance 
4 
8 
pF 


CI 
Input Capacitance 
8 
15 
pF 
tc = 1.0 MHz, Inputs = OV 


CIO 
1/0 Capacitance 
10 
18 
pF 
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A.C. CHARACTERISTICS-DMA 
(MASTER) 
MODE 


TA = O·C to 70·C, TCASE = O·C to 75·C, VCC = + 5V ± 5%, GND = OV 


Symbol 
Parameter 
Mln 
Max 
Unit 


TAEl 
AEN HIGH from ClK 
lOW 
(S1) Delay Time 
. 
200 
ns 


TAET 
AEN lOW 
from ClK 
HIGH (SI) Delay Time 
130 
ns 


TAFAB 
ADR Active to Float Delay from ClK 
HIGH 
90 
ns 


TAFC 
READ or WRITE Float from ClK 
HIGH 
~ 
120 
ns 


TAFDB 
DB Active to Float Delay from ClK 
HIGH 
170 
ns 


TAHR 
ADR from READ HIGH Hold Time 
TCY-100 
ns 


TAHS 
DB from ADSTB lOW 
Hold Time 
30 
ns 


TAHW 
ADR from WRITE HIGH Hold Time 
TCY-50 
ns 


TAK 
DACK Valid from ClK 
lOW 
Delay Time (Note 3) 
170 
ns 


EOP HIGH from ClK 
HIGH Delay Time (Note 4) 
170 
ns 


EOP lOW 
from ClK 
HIGH Delay Time 
170 
ns 


TASM 
ADR Stable from ClK 
HIGH 
170 
ns 


TASS 
DB to ADSTB 
lOW 
Setup Time 
. 
100 
ns 


TCH 
Clock High Time (Transitions 
~ 10 ns) 
68 
ns 


TCl 
Clock lOW 
Time (Transitions 
~ 10 ns) 
68 
ns 


TCY 
ClK 
Cycle Time 
200 
ns 


TDCl 
ClK 
HIGH to READ or WRITE lOW 
Delay (Note 2) 
190 
ns 


TDCTR 
READ HIGH from ClK 
HIGH 
190 
ns 
(S4) Delay Time (Note 2) 


TDCTW 
WRITE HIGH from ClK 
HIGH 
130 
ns 
(S4) Delay Time (Note 2) 


TDQ1 
HRQ Valid from ClK 
HIGH Delay Time 
120 
ns 


TEPS 
EOP lOW 
from ClK 
lOW 
Setup Time 
40 
ns 


TEPW 
EOP Pulse Width 
220 
ns 


TFAAB 
ADR Float to Active Delay from ClK 
HIGH 
170 
ns 


TFAC 
READ or WRITE Active from ClK 
HIGH 
150 
ns 


TFADB 
DB Float to Active Delay from ClK 
HIGH 
200 
ns 


THS 
HlDA 
Valid to ClK 
HIGH Setup Time 
75 
ns 


TIDH 
Input Data from MEMR HIGH Hold Time 
0 
ns 


TIDS 
Input Data to MEMR HIGH Setup Time 
170 
ns 


TODH 
Output Data from MEMW HIGH Hold Time 
10 
ns 


TODV 
Output Data Valid to MEMW HIGH 
125 
ns 


TOS 
DREO to ClK 
lOW 
(SI, S4) Setup Time (Note 3) 
0 
ns 


TRH 
ClK 
to READY lOW 
Hold Time 
20 
ns 


TRS 
READY to ClK 
lOW 
Setup Time 
60 
ns 


TSTl 
ADSTB HIGH from ClK 
HIGH Delay Time 
130 
ns 


TSTT 
ADSTB lOW 
from ClK 
HIGH Delay Time 
90 
ns 
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A.C. CHARACTERISTICS-PERIPHERAL 
(SLAVE) 
MODE 


TA = O·C to 70·C, TCASE = O·C to 75·C, VCC = + 5V ± 5%, GND = OV 


Symbol 
Parameter 
Mln 
Max 
Unit 


TAR 
ADR Valid or CS LOW to READ LOW 
50 
ns 


TAW 
ADR Valid to WRITE HIGH Setup Time 
130 
ns 


TCW 
CS LOW to WRITE HIGH Setup Time 
130 
ns 


TDW 
Data Valid to WRITE HIGH Setup Time 
130 
ns 


TRA 
ADR or CS Hold from READ HIGH 
0 
ns 


TRDE 
Data Access 
from READ LOW 
, 
140 
ns 


TRDF 
DB Float Delay from READ HIGH 
0 
70 
ns 


TRSTD 
Power Supply HIGH to RESET LOW Setup Time 
500 
ns 


TRSTS 
RESET to First IOWR 
2TCY 
ns 


TRSTW 
RESET Pulse Width 
. 
300 
ns 


TRW 
READ Width 
200 
ns 


TWA 
ADR from WRITE HIGH Hold Time 
20 
ns 


TWC 
CS HIGH from WRITE HIGH Hold Time 
20 
ns 


TWD 
Data from WRITE HIGH Hold Time 
30 
ns 


TWWS 
Write Width 
160 
ns 


NOTES: 
1. Input fre~cy 
5 MHz, when RESET, VIN = OV/Vcc. 
CL = 0 pF. 


2. The net lOW or MEMW Pulse width for normal write will be TCY-100 ns and for extended write will be 2TCY·100 ns. The 
net iOR or MEMR pulse width for normal read will be 2TCY-50 ns and for compressed read will be TCY-50 ns. 
3. DREQ and DACK signals may be active high or active low. Timing diagrams assume the active high mode for DREQ and 
active low for DACK. 
4. EOP is an open collector output. This parameter assumes the presence of a 2.2K pullup to Vcc. 


,.-y -_~_~. 
_v::- 


O.'5~--------~ 


231202-11 
A.C. Testing: Inputs are driven at 2.4V for a Logic "1" and 0.45V 
for a Logic "0." All timing measurements are made at 1.5V. 
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TAOE_} 
__ 
TAOF~ 


D80·087 -----------------------{ 
DATAOUTVALID J- 


WAVEFORMS 
(Continued) 


DMA TRANSFER 
TIMING 


_F 


Ao~A7 


TFAD8 


O8o-OB7 


TFAC 


MEMR 


TFAC 


MEMW 


EOP 


EXT fOP 


EXTEHDED~ 
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T~:~II r- 
CI~II 
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INT 
EciP 
::_~~_L-ki; 
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___ 
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1. Changed "Advanced 
Information" 
to "Prelimi- 


nary". 


2. Added D.C. and A.C. Characteristics tables. 
The following list represents key differences be- 
tween this and the -003 data sheet. 
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8259A 


PROGRAMMABLE 
INTERRUPT CONTROLLER 


(8259A/8259A-2/8259A-8) 


• 
SOS6, SOSSCompatible 


• 
MCS-SO@, MCS-S5@ Compatible 


• 
Eight-Level 
Priority 
Controller 


• 
Expandable 
to 64 Levels 


• 
Programmable 
Interrupt 
Modes 


• 
Individual 
Request 
Mask Capability 


• 
Single + 5V Supply (No Clocks) 


• 
2S-Pln Dual-In-Line 
Package 


• 
Available 
In EXPRESS 
- 
Standard 
Temperature 
Range 


- 
Extended 
Temperature 
Range 


The Intel 8259A Programmable 
Interrupt Controller 
handles 
up to eight vectored 
priority interrupts 
for the CPU. 


It is cascadable 
for up to 64 vectored 
priority interrupts 
without 
additional 
circuitry. 
It is packaged 
in a 28-pin 
DIP, uses NMOS technology 
and requires 
a single + 5V supply. Circuitry 
is static, 
requiring 
no clock 
input. 


The 8259A 
is designed 
to minimize 
the software 
and real time overhead 
in handling 
multi-level 
priority 
inter- 
rupts. It has several 
modes, 
permitting 
optimization 
for a variety 
of system 
requirements. 


The 8259A 
is fully upward 
compatible 
with the Intel 8259. Software 
originally 
written for the 8259 will operate 
the 8259A 
in all 8259 equivalent 
modes 
(MCS-80/85, 
Non-Suffered, 
Edge Triggered). 
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lOGIC 
Ao 


cs 


CASO 
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SP/EN 
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GND 


231468-2 
Figure 2. Pin 
Configuration 


~'NTERNAl 
BUS 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
28 
I 
SUPPLY: + 5V Supply. 


GNo 
14 
I 
GROUND 


c 


CS 
1 
I 
CHIP SELECT: 
A low on this pin enables 
Ro and WR communication 


between 
the CPU and the 8259A. INTA functions 
are independent 
of 


CS. 


WR 
2 
I 
WRITE: A low on this pin when CS is low enables the 8259A to accept 
command 
words from the CPU. 


Ro 
3 
I 
READ: A low on this pin when CS is low enables 
the 8259A to release 


status onto the data bus for the CPU. 


07-00 
4-11 
I/O 
BIDIRECTIONAL 
DATA BUS: Control, 
status and interrupt-vector 


information 
is transferred 
via this bus. 


CASo-CAS2 
12,13,15 
I/O 
CASCADE 
LINES: The CAS lines form a private 8259A bus to control 


a multiple 8259A structure. 
These pins are outputs for a master 8259A 


and inputs for a slave 8259A. 


SP/EN 
16 
I/O 
SLAVE 
PROGRAM/ENABLE 
BUFFER: This is a dual function 
pin. 


When in the Buffered 
Mode it can be used as an output to control 


buffer transceivers 
(EN). When not in the buffered 
mode it is used as 


an input to designate 
a master (SP = 1) or slave (SP = 0). 


INT 
17 
0 
INTERRUPT: 
This pin goes high whenever 
a valid interrupt 
request is 


asserted. 
It is used to interrupt the CPU, thus it is connected 
to the 


CPU's interrupt 
pin. 


IRo-IR7 
18-25 
I 
INTERRUPT 
REQUESTS: 
Asynchronous 
inputs. An interrupt 
request 


is executed 
by raising an IR input (low to high), and holding it high until 


it is acknowledged 
(Edge Triggered 
Mode), or just by a high level on an 


IR input (Level Triggered 
Mode). 


INTA 
26 
I 
INTERRUPT 
ACKNOWLEDGE: 
This pin is used to enable 8259A 


interrupt-vector 
data onto the data bus by a sequence 
of interrupt 


acknowledge 
pulses issued by the CPU. 


Ao 
27 
I 
AO ADDRESS 
LINE: This pin acts in conjunction 
with the CS, WR, and 


Ro pins. It is used by the 8259A to decipher 
various Command 
Words 


the CPU writes and status the CPU wishes to read. It is typically 
connected 
to the CPU AO address line (A 1 for 8086, 8088). 


Microcomputer system design requires that 1.0 de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in a an efficient 
manner so that large amounts of the total system 
tasks can be assumed by the microcomputer with 
little or no effect on throughput. 


The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 


This method is called Interrupt. 
It is easy to see that 


system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 


Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 
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in real time, interrupt driven microcomputer systems. 
It manages eight levels or requests and has built-in 
features for expandability to other 8259A's (up to 64 
levels). It is programmed by the system's software 
as an I/O peripheral. A selection of priority modes is 
available to the programmer so that the manner in 
which the requests are processed by the 8259A can 
be configured to match his system requirements. 
The priority modes can be changed or reconfigured 
dynamically at any time during the main program. 
This means that the complete interrupt structure can 
be defined as required, based on the total system 
environment. 


INTERRUPT 
REQUEST 
REGISTER 
(IRR) 
AND 


IN·SERVICE 
REGISTER 
(ISR) 


The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service (ISR). The IRR is used 
to store all the interrupt levels which are requesting 
service; and the ISR is used to store all the interrupt 
levels which are being serviced. 


PRIORITY 
RESOLVER 


This logic block determines the priorites of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
INTA pulse. 


INTERRUPT 
MASK REGISTER 
(IMR) 


The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower quality. 


INT (INTERRUPT) 


This output goes directly to the CPU interrupt input. 
The VOH level on this line is designed to be fully 
compatible with the 8080A, 8085A and 8086 input 
levels. 


INTA pulses will cause the 8259A to release vector- 
ing information onto the data bus. The format of this 
data depends on the system mode (foLPM)of the 
8259A. 


DATA 
BUS BUFFER 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 8259A to the system Data Bus. Control 
words 
and 
status 
information 
are 
transferred 


through the Data Bus Buffer. 


READ/WRITE 
CONTROL 
LOGIC 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization 
Command Word (ICW) registers and Operation 
Command Word (OCW) registers which store the 
various control formats for device operation. This 
function block also allows the status of the 8259A to 
be transferred onto the Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 8259A. No reading 
or writing of the chip will occur unless the device is 
selected. 


WR (WRITE) 


A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 8259A. 


RD (READ) 


A LOW on this input enables the 8259A to send the 
status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 


Ao 


This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 


inter 


DATA 
BUS 
BUFFER 


READI 
WRITE 
lOGIC 


IRO 
IR' 
IR2 
_-IR3 


IR4 


~INTERNAL 
BUS 


intJ 


IN 
SERVICE 
REG 
lISR) 


IRG 


IRI 
IR2 
__-IR3 


IR4 
-IRS 
-IRli 


IR7 


~INTERNAl8US 


inter 


This function block stores and compares the IDs of 
all 8259A's used in the system. The associated 
three 110 pins (CASO-2)are outputs when the 8259A 
is used as a master and are inputs when the 8259A 
is used as a slave. As a master, the 8259A sends 
the 10 of the interrupting slave device onto the 
CASO-2 lines. The slave thus selected will send its 
preprogrammed subroutine address onto the Data 
Bus during the next one or two consecutive INTA 
pulses. (See section "Cascading the 8259A".) 


The powerful features of the 8259A in a microcom- 
puter system are its programmability and the inter- 
rupt routine addressing capability. The latter allows 
direct or indirect jumping to the specific interrupt rou- 
tine requested without any polling of the interrupting 
devices. The normal sequence of events during an 
interrupt depends on the type of CPU being used. 


The events occur as follows in an MCS-80/85 
sys- 


tem: 
1. One or more of the INTEAAUPT AEQUEST lines 


(IA7-0) are raised high, setting the correspond- 
ing IAA bit(s). 


2. The 8259A evaluates these requests, and sends 


an INT to the CPU, if appropriate. 
3. The CPU acknowledges the INT and responds 


with an INTA pulse. 


4. Upon receiving an INTA from the CPU group, the 


highest priority ISA bit is set, and the correspond- 
ing IAA bit is reset. The 8259A will also release a 
CALL instruction code (11001101) onto the 8-bit 
Data Bus through its 07 -0 pins. 


5. This CALL instruction will initiate two more INTA 


pulses to be sent to the 8259A from the CPU 
group. 
6. These two INTA pulses allow the 8259A to re- 


lease its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 


7. This completes the 3-byte CALL instruction re- 


leased by the 8259A. In the AEOI mode the ISA 
bit is reset at the end of the third INTA pulse. 
Otherwise, the ISA bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 


The events occuring in an 8086 system are the 
same until step 4. 
4. Upon receiving an INTA from the CPU group, the 


highest priority ISA bit is set and the correspond- 
ing IAA bit is reset. The 8259A does not drive the 
Data Bus during this cycle. 
5. The 8086 will initiate a second INTA pulse. Dur- 


ing this pulse, the 8259A releases an 8-bit pointer 
onto the Data Bus where it is read by the CPU. 


6. This completes the interrupt cycle. In the AEOI 


mode the ISA bit is reset at the end of the sec- 
ond INTA pulse. Otherwise, the ISA bit remains 
set until an appropriate EOI command is issued 
at the end of the interrupt subroutine. 


If no interrupt request is present at step 4 of either 
sequence (Le.,the request was too short in duration) 
the 8259A will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 
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Figure 5. 8259A Interface to 


Standard System Bus 


MCS-80®, MCS-85® 


This sequence 
is timed by three INTA pulses. During 


the 
first 
INTA 
pulse 
the 
CALL 
opcode 
is enabled 


onto the data bus. 


Content of First Interrupt Vector Byte 


07 06 05 04 03 02 01 DO 


CALL CODE 
I 1 
1 
0 
0 
1 
1 
0 
1 I 


During the second 
INTA pulse the lower address 
of 


the appropriate 
service 
routine 
is enabled 
onto the 


data 
bus. When 
Interval 
= 
4 bits As-A? 
are pro- 


grammed, 
while Ao-A4 
are automatically 
inserted 
by 


the 8259A. 
When 
Interval 
= 8 only A6 and AT are 


programmed, 
while Ao-As 
are automatically 
insert- 


ed. 


inter 
8259A 


Content of Second Interrupt Vector Byte 
composed as follows (note the state of the ADI 
mode control is ignored and As-A11 are unused in 
8086 mode): 


Content of Interrupt Vector Byte 


for 8086 System Mode 


IR 
Interval = 4 


07 
06 
05 
04 
03 
02 
01 
DO 


7 
A7 
A6 
A5 
1 
1 
1 
0 
0 


- 


6 
A7 
A6 
A5 
1 
1 
0 
0 
0 


5 
A7 
A6 
A5 
1 
0 
1 
0 
0 


4 
A7 
A6 
A5 
1 
0 
0 
0 
0 


3 
A7 
A6 
A5 
0 
1 
1 
0 
0 


2 
A7 
A6 
Aq 
0 
1 
0 
0 
0 


1 
A7 
A6 
A5 
0 
0 
1 
0 
0 


0 
A7 
A6 
A5 
0 
0 
0 
0 
0 


IR 
Interval = 8 


07 
06 
05 
04 
03 
02 
01 
DO 


7 
A7 
A6 
1 
1 
1 
0 
0 
0 


6 
A7 
A6 
1 
1 
0 
0 
0 
0 


5 
A7 
A6 
1 
0 
1 
0 
0 
0 


4 
A7 
A6 
1 
0 
0 
0 
0 
0 


3 
A7 
A6 
0 
1 
1 
0 
0 
0 


2 
A7 
A6 
0 
1 
0 
0 
0 
0 


1 
A7 
A6 
0 
0 
1 
0 
0 
0 


0 
A7 
A6 
0 
0 
0 
0 
0 
0 


During the third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (Aa-A1s), is 
enabled onto the bus. 


Content of Third Interrupt Vector Byte 


07 
06 
05 
04 
03 
02 
01 


A15 
A14 
A13 
A12 
A10 
A9 


8086 mode is similar to MCS-80 mode except that 
only two Interrupt Acknowledge cycles are issued by 
the processor and no CALL opcode is sent to the 
processor. The first interrupt acknowledge cycle is 
similar to that of MCS-80, 85 systems in that the 
8259A uses it to internally freeze the state of the 
interrupts for priority resolution and as a master it 
issues the interrupt code on the cascade lines at the 
end of the INTA pulse. On this first cycle it does not 
issue any data to the processor and leaves its data 
bus buffers disabled. On the second interrupt ac- 
knowledge cycle in 8086 mode the master (or slave 
if so programmed) will send a byte of data to the 
processor with the acknowledged interrupt code 


07 
06 
05 
04 
03 
02 
01 
DO 


IR7 
T7 
T6 
T5 
T4 
T3 
1 
1 
1 


IR6 
T7 
T6 
T5 
T4 
T3 
1 
1 
0 


IR5 
T7 
T6 
T5 
T4 
T3 
1 
0 
1 


IR4 
T7 
T6 
T5 
T4 
T3 
1 
0 
0 


IR3 
T7 
T6 
T5 
T4 
T3 
0 
1 
1 


IR2 
T7 
T6 
T5 
T4 
T3 
0 
1 
0 


IR1 
T7 
T6 
T5 
T4 
T3 
0 
0 
1 


IRO 
T7 
T6 
T5 
T4 
T3 
0 
0 
0 


The 8259A accepts two types of command words 
generated by the CPU: 
1. Initialization Command Words (ICWs): Before 


normal operation can begin, each 8259A in the 
system must be brought to a startinuoint-by 
a 


sequence of 2 to 4 bytes timed by WR pulses. 


2. Operation Command Words (oCWs): These are 
the command words which command the 8259A 
to operate in various interrupt modes. These 
modes are: 
a. Fully nested mode 
b. Rotating priority mode 
c. Special mask mode 
d. Polled mode 


The OCWs can be written into the 8259A anytime 
after initialization. 


INITIALIZATION 
COMMAND 
WORDS 


(ICWS) 


Whenever a command is issued with AO = 0 and D4 
= 
1, this is interpreted as Initialization Command 


Word 1 (ICW1). ICW1 starts the intiitalization se- 
quence during which the following automatically oc- 
cur. 


a. The edge sense circuit is reset, which means that 


following initialization, an interrupt request (IR) in- 
put must make a low-to-high transistion to gener- 
ate an interrupt. 


inter 


b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address is set to 7. 
e. Special Mask Mode is cleared and Status Read is 


set to IRA. 


f. 
If IC4 = 0, then all functions selected in ICW4 
are set to zero. (Non-Buffered mode·, no Auto- 
EOI, MCS-80, 85 system). 


·NOTE: 


Master/Slave in ICW4 is only used in the buffered 
mode. 


Initialization 
Command 
Words 1 and 2 


(ICW1,ICW2) 


As-A1S: Page starting address of service routines. 
In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced at 
intervals of 4 or 8 memory locations, thus the 8 rou- 
tines will occupy a page of 32 or 64 bytes, respec- 
tively. 


The address format is 2 bytes long (Ao-A1S). When 
the routine interval is 4, Ao-At 
are automatically in- 


serted by the 8259A, while As-A1S are programmed 
externally. When the routine interval is 8, Ao-As are 
automatically inserted by the 8259A, while Ae-A1s 
are programmed externally. 


The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 


In an 8086 system A1S-A11 are inserted in the five 
most significant bits of the vectoring byte and the 
8259A sets the three least significant bits according 
to the interrupt level. A10-AS are ignored and ADI 
(Address interval) has no effect. 
LTIM: 
If LTIM = 1, then the 8259A will operate in 
the level interrupt mode. Edge detect logic 
on the interrupt inputs will be disabled. 
ADI: 
CALL address interval. ADI = 
1 then inter- 


val = 4; ADI = 0 then interval = 8. 
SNGL: Single. Means that this is the only 8259A in 


the system. If SNGL = 1 no ICW3 will be 
issued. 
IC4: 
If this bit is set-ICW4 
has to be read. If 


ICW4 is not needed, set IC4 = O. 


This word is read only when there is more than one 
8259A in the system and cascading is used, in which 


case SNGL = O. It will load the 8-bit slave register. 
The functions of this register are: 
a. In the master mode (either when SP = 1, or in 


buffered mode when M/S = 1 in ICW4) a "1" is 
set for each slave in the system. The master then 
will release byte 1 of the call sequence (for MCS- 
80/85 system) and will enable the corresponding 
slave to release bytes 2 and 3 (for 8086 only byte 
2) through the cascade lines. 


b. In the slave mode (either when SP = 0, or if BUF 


= 1 and M/S = 0 in ICW4) bits 2-0 identify the 
slave. The slave compares its cascade input with 
these bits and, if they are equal, bytes 2 and 3 of 
the call sequence (or just byte 2 for 8086) are 
released by it on the Data Bus. 


inter 


Initialization 
Command Word 4 (ICW4) 


SFNM: If SFNM = 1 the special fully nested mode 


is programmed. 
BUF: 
If BUF = 
1 the buffered mode is pro- 


grammed. In buffered mode SP/EN 
be- 


comes an enable output and the masterI 
slave determination is by MIS. 


MIS: 
If buffered mode is selected: MIS 
= 
1 


means the 8259A is programmed to be a 


master, MIS 
= 0 means the 8259A is pro- 


grammed to be a slave. If BUF = 0, MIS 
has no function. 


AEOI: 
If AEOI = 1 the automatic end of interrupt 
mode is programmed. 


p.PM: 
Microprocessor mode: p.PM = 0 sets the 
8259A for MCS-80, 85 system operation, 
p.PM = 1 sets the 8259A for 8086 system 
operation. 


CAll 
At'ORESS 
INTERVAL 


I· 
INTERVAL 
OF 4 


O' INTERVAL 
OF' 


A7 - A5 of INTERRUPT 


VECTOR 
ADDRESS 


(MCS·80/85 
MODE 
ONL Y) 


A'5-Ae 
OF INTERRUPT 


VECTOR 
ADDRESS 


(MeS80/85 
MODE) 


T7-T3 
OF INTERRUPT 


VECTOR 
ADDRESS 


(8086/8088 
MODE) 


1= fR INPUT HAS A SLAVE 
0= 
IR INPUT DOES NOT HAVE 
A'SlAVE 


SLAVE 
101'1 


0 
1 
3 
4 
!> 
6 
1 


0 , 
0 
1 
0 , 
0 
1 


0 
0 
1 
1 
0 
0 , 


0 
0 
0 
0 
1 


Et§3)(,- 
NON BUFFERED 
MODE 
1 
0 
- 
BUfFERED 
MODE/SLAVE 
1 
1 
- 
BUfFERED 
MODE/MASTER 


NOTE: 
Slave 
10 is equal to the corresponding 
master 
IR input 


1 = SPECIAL FULL Y NESTED 


MODE 
o = NOT SPECIAL FULL Y 


NESTED MODE 


inter 


OPERATION 
COMMAND 
WORDS 
(OCWS) 


After the Initialization Command Words (ICWs) are 
programmed into the 8259A, the chip is ready to ac- 
cept interrupt requests at its input lines. However, 
during the 8259A operation, a selection of algo- 
rithms can command the 8259A to operate in vari- 
ous modes through the Operation Command Words 
(oCWs). 


Operation 
Control 
Words 
(OCWs) 
OCW1 
AO 
07 
06 
05 
04 03 02 01 DO 
GJ 
IM7 
M6 
M5 
M4 M3 M2 M1 Mol 


OCW2 
0 
IR 
SL 
Eol 
o 0 
L2 L1 
LO I 


OCW3 
0 
10 
ESMM 
SMM 
o 
1 P 
RR 
RISI 


OCWI 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 


INTERRUPT 
MASK 
1 = MASK 
SET 
o = MASK 
RESET 


I 
0 I R I SL I EOI I 
o I 
0 I L1 I L, I La I 


IR LEVEL TO lIE 
ACTEDUPOH 


i 
0 
1 
2 
J • 
5 
6 
1 


0 
1 
0 
1 
0 
1 
0 
1 
. 
0 
0 
1 
1 
0 
0 
1 
1 


0 
0 
0 
0 
1 
1 
1 
1 


0 
0 
1 
NON-SPECIFIC EOICOMMAND 
} 
END OF INTERRUPT 
0 
1 
1 
SPECIFIC EOI COMMAND 


1 
0 
1 
ROTATEON NON-SPECIFIC EOI COMMAND 
} 


1 
0 
0 
ROTATEIN AUTOMATICEOI MODE (lET) 
AUTOMATIC ROTATION 


0 
0 
0 
ROTATEIN AUTOMATICEOI MODE (CLEAR) 


1 
1 
1 
"ROTATEON SPECIFIC EOI COMMAND 
} 
1 
1 
0 
SPECIFIC ROTATION 


"SET PRIORITY COMMAND 
0 , 
0 
NO OPERATION 


"LD-U ARE USED 


inter 


Operation 
Control Word 2 (OCW2) 


R, SL, EOI- These three bits control the Rotate and 
End of Interrupt modes and combinations of the two. 
A chart of these combinations can be found on the 
Operation Command Word Format. 


OCW1 sets and clears the mask bits in the interrupt 
Mask Register (IMR). M7-MO represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 


L2' L1' Lo-These 
bits determine the interrupt level 


acted upon when the SL bit is active. 


I 0 
/ 
0 
/ESMM/ 
SMM 
/ 
0 
/ 
1 I 
p I 
RR 
/ 
RIS I 


READ REGISTER COMMAND 


0 
1 
0 
1 


0 
0 
1 
1 


READ 
READ 


NO ACTION 
IR REG 
ISREG 


ON NEXT 
ON NEXT 


AD PULSE 
RDPULSE 


,. 
POLL COMMAND 


O·NO POLL COMMANO 


SPECIAL 
MASK 
MODE 


0 
1 
0 
1 


n 
0 
0 
1 
T 


REsn 
sn 


NO ACTION 
SPECIAL 
SPECIAL 


MAS« 
MASK 


intJ 


Operation Control Word 3 (OCW3) 


ESMM-Enable 
Special Mask Mode. When this bit 


is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a "don't care". 


SMM-Special 
Mask Mode. If ESMM = 1 and SMM 


= 1 the 8259A will enter Special Mask Mode. If 
ESMM = 1 and SMM = 0 the 8259A will revert to 
normal mask mode. When ESMM = 0, SMM has no 
effect. 


This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority from 0 through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISO-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (EOI) 
command immediately before returning from the 
service routine, or if AEOI (Automatic End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt (which will be acknowl- 
edged only if the microprocessor internal Interupt 
enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IAOhas the highest 
prioirity and 
IA7 
the 
lowest. 
Priorities can 
be 


changed, as will be explained, in the rotating priority 
mode. 


The In Service (IS) bit can be reset either automati- 
cally following the trailing edge of the last in se- 
quence INTA pulse (when AEOI bit in ICW1 is set) or 
by a command word that must be issued to the 
8259A before returning from a service routine (EOI 
command). An EOI command must be issued twice 
if in the Cascade mode, once for the master and 
once for the corresponding slave. 


There are two forms of EOI command: Specific and 
Non-Specific. When the 8259A is operated in modes 
which perserve the fully nested structure, it can de- 
termine which IS bit to reset on EOI. When a Non- 
Specific EOI command is issued the 8259A will auto- 
matically reset the highest IS bit of those that are 
set, since in the fully nested mode the highest IS 
level was necessarily the last level acknowledged 
and serviced. A non-specific EOI can be issued with 
OCW2 (EOI = 1, SL = 0, A = 0). 


When a mode is used which may disturb the fully 
nested structure, the 8259A may no longer be able 
to determine the last level acknowledged. In this 
case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific EOI can be issued with OCW2 
(EOI = 1, SL = 1, A = 0, and LO-L2 is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMA bit will not be cleared by a non-specific EOI if 
the 8259A is in the Special Mask Mode. 


Automatic End of Interrupt (AEOI) 
Mode 


If AEOI = 1 in ICW4, then the 8259A will operate in 
AEOI mode continuously until reprogrammed by 
ICW4. in this mode the 8259A will automatically per- 
form a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 8086). Note that 
from a system standpoint, this mode should be used 
only when a nested multilevel interrupt structure is 
not required within a single 8259A. 


The AEOI mode can only be used in a master 8259A 
and not a slave. 8259As with a copyright date of 
1985 or later will operate in the AEOI mode as a 
master or a slave. 


Automatic Rotation 
(Equal Priority Devices) 


In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 


Before 
Rotate (IA4 the highest prioirity requiring 


service) 


157 151 151 114 153 152 151 ISO 
101110,1000101 


l_tPrtorllr 
dsl5 


Priority 
Status 


H""'.t 
Prtorttr 


"- 
• I 3 I 2 I 11'0 I 


231468-19 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


1ST 151 lsa 
154 153 
152 
151 ISO 


101100101010101 


"IS" Status 
231468-20 


Hllhe.l 
Prtorlly 
Low•• t Prtortty 
eno 
I TFGS 
4 
131 


There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro- 
tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 


Specific Rotation 
(Specific Priority) 


The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities; i.e., if IR5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1, LO-L2 is the binary priority level 
code of the bottom priority device. 


Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 = IR level to receive 
bottom priority). 


Each Interrupt Request input can bem masked indi- 
vidually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 


ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 


The difficulty here is that if an Interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (i.e., while executing a service 
routine), the 8259A would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 


That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 


Thus, any interrupts may be selectively enabled by 
loading the mask register. 


The special Mask Mode is set by OWC3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = O. 


In this mode the INT output is not used or the micro- 
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 


The Poll command is issued by setting P = '1" in 
OCW3. The 8259A treats the next RD pulse to the 
8259A (i.e., RD = 0, CS = 0) as an interrupt ac- 
knowledge, sets the appropriate IS bit if there is a 
request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 


The word enabled onto the data bus during RD is: 


07 
06 
05 
04 
03 
02 
01 
DO 


I 
W2 
W1 
WO 


WO-W2: Binary code of the highest priority level 


requesting service. 
I: Equal to "1" if there is an interrupt. 


This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 


The input status of several internal registers can be 
read to update the user information on the system. 


lTlM I.T 
o ~ EDGE 
1:: lEVEL 


- 
"MUD 
•• 
Q 


NOTES: 
1. Master clear active only during ICW1. 
2. FREEZE is active during INTA and poll sequences only. 
3. Truth Table for a O-Latch. 
C 
0 
Q 
Operation 


1 
Oi 
Oi 
Follow 
o 
X 
On-1 
Hold 


The following registers can be read via DCW3 (IRR 
and ISR or DCW1 
[IMR]). 


Interrupt 
Request 
Register 
(IRR): 8-bit register which 


contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
fected by IMR.) 


In-Service 
Register 
(ISR): 8-bit register which con- 


tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 


Interrupt 
Mask 
Register: 
8-bit register which con- 


tains the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with DCW3 (RR 
= 1,RIS = 0.) 


The ISR can be read, when, prior to the RD pulse, a 
Read Register Command is issued with DCW3 (RR 
=1,RIS=1). 


There is no need to write an DCW3 
before every 


status read operation, as long as the status read 
corresponds with the previous one; i.e., the 8259A 
"remembers" whether the IRR or ISR has been pre- 
viously selected by the DCW3. This is not true when 
poll is used. 


For reading the IMR, no DCW3 is needed. The out- 
put data bus will contain the IMR whenever RD is 
active and AO = 1 (DCW1). 


Polling overrides status read when P = 1, RR = 1 
in DCW3. 


Edge and Level Triggered 
Modes 


This mode is programmed using bit 3 in ICW1. 


If LTIM = '0', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 


inter 


LATCH" 
ARMED 
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If LTIM = '1', an interrupt request will be recognized 
by a 'high' level on IA Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EOI command is issued or the 
CPU interrupts is enabled to prevent a second inter- 
rupt from occurring. 


The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 8259A. Be sure to note that the request 
latch is a transparent 0 type latch. 


In both the edge and level triggered modes the IA 
inputs must remain high until after the falling edge of 
the first INTA. If the IA input goes low before this 
time a DEFAULT IA7 will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IA inputs. To implement this 
featur~ the IA7 routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IA7 is needed for other purposes a default 
IA7 can still be detected by reading the ISA. A nor- 
mal IA7 interrupt will set the corresponding ISA bit, a 
default IA7 won't. If a default IA7 routine occurs dur- 
ing a normal IA7 routine, however, the ISA will re- 
main set. In this case it is necessary to keep track of 
whether or not the IA7 routine was previously en- 
tered. If another IA7 occurs it is a default. 


The Special Fully Nest Mode 


This mode will be used in the case of a big system 
where cascading is used, and the priority has to be 
conserved within each slave. In this case the fully 
nested mode will be programmed to the master (us- 


ing ICW4).This mode is similar to the normal nested 
mode with the following exceptions: 
a. When an interrupt request from a certain slave is 


in service this slave is not locked out from the 
master's priority logic and further interrupt re- 
quests from higher priority lA's within the slave 
will be recognized by the master and will initiate 
interrupts to the processor. (In the normal nested 
mode a slave is masked out when its request is in 
service and no higher requests from the same 
slave can be serviced.) 
b. When exiting the Interrupt Service routine the 


software has to check whether the interrupt serv- 
iced was the only one from that slave. This is 
done by sending a non-specific End of Interrupt 
(EOI) command to the slave and then reading its 
In-Service register and checking for zero. If it is 
empty, a non-specific EOI can be sent to the 
master too. If not, no EOI should be sent. 


When the 8259A is used in a large system where 
bus driving buffers are required on the data bus and 
the cascading mode is used, there exists the prob- 
lem of enabling buffers. 


The buffered mode will structure the 8259A to send 
an enable signal on SP/EN to enable the buffers. In 
this mode, wheneverJ!:!.e8259A's data bus outputs 
are enabled, the SP/EN output becomes active. 


This modification forces the use of software pro- 
gramming to determine whether the 8259A is a mas- 
ter or a slave. Bit 3 in ICW4 programs the buffered 
mode, and bit 2 in ICW4 determines whether it is a 
master or a slave. 


inter 


The 8259A can be easily interconnected in a system 
of one master with up to eight slaves to handle up to 
64 priority levels. 


The master controls the slaves through the 3 line 
cascade bus. The cascade bus acts like chip selects 
to the slaves during the INTA sequence. 


In a cascade configuration, the slave interrupt out- 
puts are connected to the master interrupt request 
inputs. When a slave request line is activated and 
afterwards acknowledged, the master will enable the 
corresponding slave to release the device routine 
address during bytes 2 and 3 of INTA. (Byte 2 only 
for 8086/8088). 


GHD Iff 
f 
f 
I 
f 
I 


The cascade bus lines are normally low and will con- 
tain the slave address code from the trailing edge of 
the first INTA pulse to the trailing edge of the third 
pulse. Each 8259A in the system must follow a sep- 
arate 
initialization 
sequence 
and 
can 
be 
pro- 


grammed to work in a different mode. An EOI com- 
mand must be issued twice: once for the master and 
once for the corresponding slave. An address de- 
coder is required to activate the Chip Select (CS) 
input of each 8259A. 


The cascade lines of the Master 8259A are activat- 
ed only for slave inputs, non-slave inputs leave the 
cascade line inactive (low). 


inter 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin 
with Respect 
to Ground 
- 0.5V to + 7V 


Power Dissipation 
.....•..................... 
1W 


D. C. CHARACTERISTICS 
(TA = O·C to 70·C. Vee = 5V ± 5% (8259A-8), 
Vee = 5V ± 10% 
(8259A, 8259A-2)) 


Symbol 
Parameter 
Mln 
Max 
Units 
Test ConditIons 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIH 
Input High Voltage 
2.0· 
Vee + 0.5V 
V 


VOL 
Output Low Voltage 
0.45 
V 
IOL = 2.2mA 


VOH 
Output High Voltage 
2.4 
V 
IOH = -400/LA 


VOH(INn 
Interrupt Output High 
3.5 
V 
IOH = -100 
/LA 
Voltage 
2.4 
V 
IOH = -400/LA 


III 
Input Load Current 
-10 
+10 
/LA 
OV s VIN S Vcc 


ILOL 
Output Leakage Current 
-10 
+10 
/LA 
0.45V 
S VOUT S Vcc 


Ice 
Vee Supply Current 
85 
mA 


ILiR 
IR Input toad 
Current 
-300 
/LA 
VIN = 0 


. 
10 
/LA 
VIN = Vee 


"NOTE: 
For Extended 
Temperature 
EXPRESS 
VIH = 2.3V. 


Symbol 
Parameter 
Mln 
Typ 
Max 
Unit 
Test Conditions 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
Pins Returned 
to VSS 


inter 


A.C. CHARACTERISTICS 
TA = O°C to 70°C, VCC = 5V ± 5% (8259 A-8), VCC = 5V ± 10% (8259A, 
8259A-2) 


Symbol 
Parameter 
8259A-8 
8259A 
8259A-2 
Units 
Test Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TAHRL 
AO/CS 
Setup to RD/lNTA.J. 
50 
0 
0 
ns 


TRHAX 
AO/CS 
Hold after RD/INTA i 
5 
0 
0 
ns 


TRLRH 
RD Pulse Width 
420 
235 
160 
ns 


TAHWL 
AO/CS 
Setup to WR .J. 
50 
0 
0 
ns 


TWHAX 
AO/CS 
Hold after WR i 
20 
0 
0 
ns 


TWLWH 
WR Pulse Width 
400 
290 
190 
ns 


TDVWH 
Data Setup to WR i 
300 
240 
160 
ns 


TWHDX 
Data Hold after WR i 
40 
0 
0 
ns 


TJLJH 
Interrupt 
Request Width (Low) 
100 
100 
100 
ns 
See Note 1 


TCVIAL 
Cascade 
Setup to Second or Third 
55 
55 
40 
INTA.J. 
(Slave Only) 
ns 


TRHRL 
End of RD to Next RD 
End of INTA to Next INTA within 
160 
160 
160 
ns 


an INTA Sequence 
Only 


TWHWL 
End of WR to Next WR 
190 
190 
190 
ns 


'TCHCL 
End of Command 
to Next Command 
500 
500 
500 
(Not Same Command 
Type) 
ns 


End of INTA Sequence 
to Next 


INTA Sequence. 


'Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 500 ns (Le. 8085A = 
1.6 "'S, 8085A-2 = 1 "'S, 8086 = 1 "'S, 8086-2 = 625 ns) 


NOTE: 
This is the low time required to clear the input latch in the edge triggered mode. 


Symbol 
Parameter 
8259A·8 
8259A 
8259A-2 
Units 
Test Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 


TRLDV 
Data Valid from RD/INTA.J. 


300 
200 
120 
C of Data Bus = 
ns 
100 pF 


TRHDZ 
Data Float after RD/INTA i 
10 
200 
10 
100 
10 
85 
ns 
C of Data Bus 


TJHIH 
Interrupt 
Output Delay 
400 
350 
300 
ns 
Max Test C = 100 pF 


TIALCV 
Cascade 
Valid from First INTA.J. 


Min Test C = 15 pF 


(Master Only) 
565 
565 
360 
ns 
CINT = 100 pF 


TRLEL 
Enable Active from RD.J. or INTA.J. 
160 
125 
100 
ns 


TRHEH 
Enable Inactive from RD i or INTA i 
CCASCADE = 100 pF 


325 
150 
150 
ns 


TAHDV 
Data Valid from Stable Address 
350 
200 
200 
ns 


TCVDV 
Cascade 
Valid to Valid Data 
300 
300 
200 
ns 


2.•=x 
)C 


2.0 
2.0 


~.8> TEST POINTS< 0.8 


0.45 
--------- 
231468-25 


A.C. Testing: Inputs are driven at 2.4V for a logic "1" and 0.45V 
for a logic "0". Timing measurements are made at 2.0V for a logic 
"1" and 0.8V for a logic "0". 


Ci 
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DEVICE 
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TIILDV==I,. 
~- 


DATUUI- 
- 
-- 
- 
- 
- 
- 
- 
- 
- 
--~:: 
- 
- 
- 1: 
J- ------ 


OTHER 
TIMING 


llIl 


Jf=TRHRL~ 


INTA 
\ 


WR 
\ 
it=TWHWL~ 


llIl 
IRTl 
\ 
C~"~ 


ViR 


RDINTA 
WR 


__ I 


INT 


INTA 


NOTES: 
Interrupt 
output 
must remain 
HIGH at least until leading 
edge of first INTA. 


1. Cycle 
1 in 8086, 8088 
systems, 
the Data Bus is not active. 


-<~)-- 


The following 
changes 
have been made since revision 
1 of the 8259A 
data sheet. 


1. A note was added indicating 
that the AEOI mode works when the 8259A is acting as a master or a slave for 
parts marked 
with a copyright 
date of 1985 or later. 


u,,,..,o;r,,,-, 


CHMOS Programmable 
Interrupt Controller 


• 
Pin Compatible 
with NMOS 8259A-2 


• 
Eight-Level 
Priority Controller 


• 
Expandable 
to 64 levels 


• 
Programmable 
Interrupt 
Modes 


• 
Low Standby 
Power-10 
J.l-A 


• 
Individual 
Request 
Mask Capability 


• 
80C86/88 
and 8080/85/86/88 


Compatible 


• 
Fully Static Design 


• 
Single 5V Power Supply 


• 
Will Be Available 
in 28-Lead 
Plastic DIP 


and 28-Lead 
PLCC Packages 


(See 
Packaging 
Spec., 
Order 
1/231369) 


The Intel 82C59A-2 
is a high performance 
CHMOS Version of the NMOS 8259A-2 
Priority Interrupt 
Controller. 


The 82C59A 
is designed 
to relieve the system 
CPU from the task of polling 
in a multi-level 
priority 
interrupt 
system. 
The high speed and industry 
standard 
configuration 
of the 82C59A-2, 
make it compatible 
with micro- 
processors 
such as the 80C86/88, 
8086/88 
and 8080/85. 


The 82C59A-2 
can handle 
up to 8 vectored 
priority 
interrupts 
for the CPU and is cascadable 
to 64 without 
additional 
circuitry. 
It is designed 
to minimize 
the software 
and real time 
overhead 
in handling 
multi-level 
priority interrupts. 
Two modes 
of operation 
make the 82C59A-2 
optimal 
for a variety of system 
requirements. 
Static CHMOS 
circuit design, 
requiring 
no clock input, insures low operating 
power. 
It is packaged 
in a 28-pin 
plastic 
DIP. 


Vee 


WR 


Rii 


0, 
'R',R" 


W 
INT 
,R' 
'R3 


DATA 
BUS 
BUrrER 
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Figure 2a. 28·Lead 
DIP 


Configuration 
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Figure 2b. 28·Lead 
PLCC 


Configuration 


intJ 


Symbol 
Pin No. 
Type 
Name and Function 


Vcc 
28 
I 
SUPPLY: + 5V Supply. 


GND 
14 
I 
GROUND. 


CS 
1 
I 
CHIP SELECT: A low on this pin enables 
RD and WR 


communication 
between 
the CPU and the 82C59A·2. 
INTA 


functions 
are independent 
of CS. 


WR 
2 
I 
WRITE: A low on this pin when CS is low enables 
the 


82C59A-2 
to accept command 
words from the CPU. 


RD 
3 
I 
READ: A low on this pin when CS is low enables the 
82C59A·2 
to release status onto the data bus for the CPU. 


D7-DO 
4-11 
liD 
BIDIRECTIONAL 
DATA BUS: Control, status and interrupt- 


vector information 
is transferred 
via this bus. 


CASo-CAS2 
12,13,15 
liD 
CASCADE 
LINES: The CAS lines form a private 82C59A-2 


bus to control 
a multiple 82C59A-2 
structure. 
These pins are 


outputs for a master 82C59A-2 
and inputs for a slave 


82C59A-2. 


SP/EN 
16 
liD 
SLAVE PROGRAM/ENABLE 
BUFFER: This is a dual 


function 
pin. When in the Buffered 
Mode it can be used as an 


output to control 
buffer transceivers 
(EN). When not in the 


buffered 
mode it is used as an input to designate 
a master (SP 


= 1) or slave (SP = 0). 


INT 
17 
0 
INTERRUPT: 
This pin goes high whenever 
a valid interrupt 


request is asserted. 
It is used to interrupt the CPU, thus it is 


connected 
to the CPU's interrupt 
pin. 


IRo-IR7 
18-25 
I 
INTERRUPT 
REQUESTS: 
Asynchronous 
inputs. An interrupt 


request is executed 
by raising an IR input (low to high), and 


holding it high until it is acknowledged 
(Edge Triggered 
Mode), 


or just by a high level on an IR input (Level Triggered 
Mode). 


Internal pull-up resistors 
are implemented 
on IRO-7. 


INTA 
26 
I 
INTERRUPT 
ACKNOWLEDGE: 
This pin is used to enable 


82C59A-2 
interrupt-vector 
data onto the data bus by a 


sequence 
of interrupt acknowledge 
pulses issued by the CPU. 


Ao 
27 
I 
AO ADDRESS 
LINE: This pin acts in conjunction 
with the CS, 


WR, and RD pins. It is used by the 82C59A-2 
to decipher 


various Command 
Words the CPU writes and status the CPU 


wishes to read. It is typically 
connected 
to the CPU AO 


address line (A 1 for 80C86, 80C88). 
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Interrupts 
in Microcomputer 
Systems 


Microcomputer system design requires that I/O de- 
vices such as keyboards, displays, sensors and oth- 
er components receive servicing in an efficient man- 
ner so that large amounts of the total system tasks 
can be assumed by the microcomputer with little or 
no effect on throughput. 


The most common method of servicing such devic- 
es is the Polled approach. This is where the proces- 
sor must test each device in sequence and in effect 
"ask" each one if it needs servicing. It is easy to see 
that a large portion of the main program is looping 
through this continuous polling cycle and that such a 
method would have a serious, detrimental effect on 
system throughput, thus limiting the tasks that could 
be assumed by the microcomputer and reducing the 
cost effectiveness of using such devices. 


A more desirable method would be one that would 
allow the microprocessor to be executing its main 
program and only stop to service peripheral devices 
when it is told to do so by the device itself. In effect, 
the method would provide an external asynchronous 
input that would inform the processor that it should 
complete whatever instruction that is currently being 
executed and fetch a new routine that will service 
the requesting device. Once this servicing is com- 
plete, however, the processor would resume exactly 
where it left off. 


This method is called Interrupt. 
It is easy to see that 


system throughput would drastically increase, and 
thus more tasks could be assumed by the micro- 
computer to further enhance its cost effectiveness. 


The Programmable Interrupt Controller (PIC) func- 
tions as an overall manager in an Interrupt-Driven 
system environment. It accepts requests from the 
peripheral equipment, determines which of the in- 
coming requests is of the highest importance (priori- 
ty), ascertains whether the incoming request has a 
higher priority value than the level currently being 
serviced, and issues an interrupt to the CPU based 
on this determination. 


Each peripheral device or structure usually has a 
special program or "routine" that is associated with 
its specific functional or operational requirements; 
this is referred to as a "service routine". The PIC, 
after issuing an Interrupt to the CPU, must somehow 
input information into the CPU that can "point" the 
Program Counter to the service routine associated 
with the requesting device. This "pointer" is an ad- 
dress in a vectoring table and will often be referred 
to, in this document, as vectoring data. 


The 82C59A-2 is a device specifically designed for 
use in real time, interrupt driven microcomputer sys- 


inter 


tems. It manages eight levels or requests and has 
built·in 
features 
for 
expandability 
to 
other 


82C59A-2's (up to 64 levels). It is programmed by 
the system's software as an I/O peripheral. A selec- 
tion of priority modes is available to the programmer 
so that the manner in which the requests are proc- 
essed by the 82C59A-2 can be configured to match 
system requirements. The priority modes can be 
changed or reconfigured dynamically at any time 
during the main program. This means that the com- 
plete interrupt structure can be defined as required, 
based on the total system environment. 


INTERRUPT 
REQUEST 
REGISTER 
(IRR) AND 


IN·SERVICE 
REGISTER 
(ISR) 


The interrupts at the IR input lines are handled by 
two registers in cascade, the Interrupt Request Reg- 
ister (IRR) and the In-Service Register (ISR). The 
IRR is used to store all the interrupt levels which are 
requesting service; and the ISR is used to store all 
the interrupt levels which are being serviced. 


This logic block determines the priorities of the bits 
set in the IRR. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
INTA pulse. 


INTERRUPT 
MASK REGISTER 
(IMR) 


The IMR stores the bits which mask the interrupt 
lines to be masked. The IMR operates on the IRR. 
Masking of a higher priority input will not affect the 
interrupt request lines of lower priority. 


This output goes directly to the CPU interrupt input. 
The VOH level on this line is designed to be fully 
compatible with the 8080A, 8085A, 80C88 and 
80C86 input levels. 


INTA (INTERRUPT 
ACKNOWLEDGE) 


INTA pulses will cause the 82C59A-2 to release vec- 
toring information onto the data bus. The format of 
this data depends on the system mode (/A-PM)of the 
82C59A-2. 


This 3-state, bidirectional 8-bit buffer is used to inter- 
face the 82C59A-2 to the system Data Bus. Control 
words 
and 
status 
information 
are 
transferred 


through the Data Bus Buffer. 


The function of this block is to accept OUTput com- 
mands from the CPU. It contains the Initialization 
Command Word 
(ICW) registers and Operation 


Command Word (OCW) registers which store the 
various control formats for device operation. This 
function 
block 
also 
allows 
the 
status 
of 
the 


82C59A-2 to be transferred onto the Data Bus. 


CS (CHIP SELECT) 


A LOW on this input enables the 82C59A-2. No 
reading or writing of the chip will occur unless the 
device is selected. 


A LOW on this input enables the CPU to write con- 
trol words (ICWs and OCWs) to the 82C59A-2. 


A LOW on this input enables the 82C59A-2 to send 
the status of the Interrupt Request Register (IRR), In 
Service Register (ISR), the Interrupt Mask Register 
(IMR), or the Interrupt level onto the Data Bus. 


Ao 


This input signal is used in conjunction with WR and 
RD signals to write commands into the various com- 
mand registers, as well as reading the various status 
registers of the chip. This line can be tied directly to 
one of the address lines. 


This function block stores and compares the IDs of 
all 82C59A-2's used in the system. The associated 
three I/O 
pins (CASO-2) are outputs when the 


82C59A-2 is used as a master and are inputs when 
the 82C59A-2 is used as a slave. As a master, the 
82C59A-2 sends the ID of the interrupting slave de- 
vice onto the CASO-2 lines. The slave thus selected 
will send its preprogrammed subroutine address 
onto the Data Bus during the next one or two con- 
secutive INTA pulses. (See section "Cascading the 
82C59A-2".) 


inter 


The powerful features of the 82C59A-2 in a micro- 
computer system are its programmability and the in- 
terrupt routine addressing capability. The latter ai- 


lows direct or indirect jumping to the specific inter- 
rupt routine requested without any polling of the in- 
terrupting devices. The normal sequence of events 
during an interrupt depends on the type of CPU be- 
ing used. 


OAt. 
8U$ 
8UfFER 


"" 
tNTERJrI"'L 
8US 


CASCADE 
[ 
LINES 


The events occur as follows in an MCS-80/85 sys- 
tem: 
1. One or more of the INTERRUPT REQUEST Lines 


(IR7-0) are raised high, setting the corresponding 
IRR bit(s). 
2. The 82C59A-2 evaluates these requests, and 


sends an INT to the CPU, if appropriate. 


3. The CPU acknowledges the INT and responds 


with an INTA pulse. 
4. Upon receiving an INTA from the CPU group, the 


highest priority ISR bit is set, and the correspond- 
ing IRR bit is reset. The 82C59A-2 will also re- 
lease a CALL instruction code (11001101) onto 
the 8-bit Data Bus through its D7-0 pins. 
5. This CALL instruction will initiate two more INTA 


pulses to be sent to the 82C59A-2 from the CPU 
group. 


6. These two INTA pulses allow the 82C59A·2 to 


release its preprogrammed subroutine address 
onto the Data Bus. The lower 8-bit address is re- 
leased at the first INTA pulse and the higher 8-bit 
address is released at the second INTA pulse. 


7. This completes the 3-byte CALL instruction re- 


leased by the 82C59A·2. In the AEOI mode the 
ISR bit is reset at the end of the third INTA pulse. 
Otherwise, the ISR bit remains set until an appro- 
priate EOI command is issued at the end of the 
interrupt sequence. 


The events occurring in an 80C86 system are the 
same until step 4. 
4. Upon receiving an INTA from the CPU group, the 


highest priority ISR bit is set and the correspond- 
ing IRR bit is reset. The 82C59A·2 does not drive 
the Data Bus during this cycle. 
5. The 80C86 will initiate a second INTA pulse. Dur- 


ing this pulse, the 82C59A·2 releases an 8-bit 
pointer onto the Data Bus where it is read by the 
CPU. 
6. This completes the interrupt cycle. In the AEOI 


mode the ISR bit is reset at the end of the second 
INTA pulse. Otherwise, the ISR bit remains set 
until an appropriate EOI command is issued at the 
end of the interrupt subroutine. 


If no interrupt is present at step 4 of either sequence 
(Le., the request was too short in duration) the 
82C59A-2 will issue an interrupt level 7. Both the 
vectoring bytes and the CAS lines will look like an 
interrupt level 7 was requested. 


This sequence is timed by three INTA pulses. During 
the first INTA pulse the CALL opcode is enabled 
onto the data bus. 


Content 
of First Interrupt 


Vector 
Byte 


06 05 04 


1 
0 
0 


07 


CALL CODE 11 


03 02 01 00 


1 
1 
0 
1 I 


During the second INTA pulse the lower address of 
the appropriate service routine is enabled onto the 
data bus. When Interval = 4 bits As-A7 are pro- 
grammed, while Ao-A4 are automatically inserted by 
the 82C59A-2. When Interval = 8 only As and A7 
are programmed, while Ao-As are automatically in- 
serted. 


Content 
of second 
Interrupt 


Vector Byte 


IR 
Interval 
= 4 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


7 
A7 
A6 
A5 
1 
1 
1 
0 
0 


6 
A7 
A6 
A5 
1 
1 
0 
0 
0 


5 
A7 
A6 
A5 
1 
0 
1 
0 
0 


4 
A7 
A6 
A5 
1 
0 
0 
0 
0 


3 
A7 
A6 
A5 
0 
1 
1 
0 
0 


2 
A7 
A6 
A5 
0 
1 
0 
0 
0 


1 
A7 
A6 
A5 
0 
0 
1 
0 
0 


0 
A7 
A6 
A5 
0 
0 
0 
0 
0 


IR 
Interval 
= 8 


07 
06 
05 
04 
03 
02 
01 
DO 


7 
A7 
A6 
1 
1 
1 
0 
0 
0 


6 
A7 
A6 
1 
1 
0 
0 
0 
0 


5 
A7 
A6 
1 
0 
1 
0 
0 
0 


4 
A7 
A6 
1 
0 
0 
0 
0 
0 


3 
A7 
A6 
0 
1 
1 
0 
0 
0 


2 
A7 
A6 
0 
1 
0 
0 
0 
0 


1 
A7 
A6 
0 
0 
1 
0 
0 
0 


0 
A7 
A6 
0 
0 
0 
0 
0 
0 


Duringthe third INTA pulse the higher address of the 
appropriate service routine, which was programmed 
as byte 2 of the initialization sequence (As - A1S),is 
enabled onto the bus. 
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Content of Third Interrupt 


Vector Byte 


D7 
D6 
D4 
D3 


A12 
A11 


80C86, 80C88 mode is similar to MCS-80 mode ex- 
cept that only two Interrupt Acknowledge cycles are 
issued by the processor and no CALL opcode is 
sent to the processor. The first interrupt acknowl- 
edge cycle is similar to that of MCS-80, 85 systems 
in that the 82C59A-2 uses it to internally freeze the 
state of the interrupts for priority resolution and as a 
master it issues the interrupt code on the cascade 
lines at the end of the INTA pulse. On this first cycle 
it does not issue any data to the processor and 
leaves its data bus buffers disabled. On the second 
interrupt acknowledge cycle in 80C86, 80C88 mode 
the master (or slave if so programmed) will send a 
byte of data to the processor with the acknowledged 
interrupt code composed as follows (note the state 
of the ADI mode control is ignored and As-A11 are 
unused in 80C86, 80C88 mode): 


Content of Interrupt Vector Byte 
for 80C86, 80C88 System Mode 


D7 
D6 
D5 
D4 
D3 
D2 
D1 
DO 


IR7 
T7 
T6 
T5 
T4 
T3 
1 
1 
1 


IR6 
T7 
T6 
T5 
T4 
T3 
1 
1 
0 


IR5 
T7 
T6 
T5 
T4 
T3 
1 
0 
1 


IR4 
T7 
T6 
T5 
T4 
T3 
1 
0 
0 


IR3 
T7 
T6 
T5 
T4 
T3 
0 
1 
1 


IR2 
T7 
T6 
T5 
T4 
T3 
0 
1 
0 


IR1 
T7 
T6 
T5 
T4 
T3 
0 
0 
1 


IRO 
T7 
T6 
T5 
T4 
T3 
0 
0 
0 


The 82C59A-2 accepts two types of command 
words generated by the CPU: 


1. Initialization 
Command 
Words (ICWs): Before nor- 


mal operation can begin, each 82C59A-2 in the 
system must be brought to a startin~int 
- 
by a 


sequence of 2 to 4 bytes timed by WR pulses. 


2. Operation 
Command 
Words 
(oCWs): 
These are 


the 
command 
words 
which 
command 
the 


82C59A-2 to operate in various interrupt modes. 
These modes are: 
a. Fully nested mode 
b. Rotating priority mode 


c. Special mask mode 
d. Polled mode 


The oCWs can be written into the 82C59A-2 any- 
time after initialization. 


INITIALIZATION 
COMMAND 
WORDS 


(ICWS) 


Whenever a command is issued with AO = 0 and 04 
= 1, this is interpreted as Initialization Command 
Word 1 (ICW1). ICW1 starts the initialization se- 
quence during which the following automatically oc- 
cur. 
a. The edge sense circuit is reset, which means that 


following initialization, an interrupt request (IR) in- 
put must make a low-to-high transition to gener- 
ate an interrupt. 


b. The Interrupt Mask Register is cleared. 
c. IR7 input is assigned priority 7. 
d. The slave mode address is set to 7. 
e. Special Mask Mode is cleared and Status Read is 


set to IRR. 


f. If 1C4 = 0, then all functions selected in ICW4 are 


set to zero. (Non-Buffered mode·, no Auto-Eol, 
MCS-80, 85 system). 


·NOTE: 
Master/Slave in ICW4 is only used in the buffered 
mode. 


INITIALIZATION COMMAND WORDS 1 AND 2 
(ICW1, ICW2) 


As-A1S: Page starting 
address 
of service 
routines. 


In an MCS 80/85 system, the 8 request levels will 
generate CALLs to 8 locations equally spaced in 
memory. These can be programmed to be spaced 
at intervals of 4 or 8 memory locations, thus the 
8 routines will occupy a page of 32 or 64 bytes, 
respectively. 


The address format is 2 bytes long (Ao-A1S)' When 
the routine interval is 4, Ao-A4 are automatically in- 
serted by the 82C59A-2, while As-A1S are pro- 
grammed externally. When the routine interval is 8, 
Aa-As are automatically inserted by the 82C59A-2, 
while As-A1S are programmed externally. 


The 8-byte interval will maintain compatibility with 
current software, while the 4-byte interval is best for 
a compact jump table. 


In an 80C86, 80C88 system A1S-A11 are inserted in 
the 
five 
most 
significant 
bits 
of 
the 
vectoring 
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byte and the 82C59A-2 
sets the three 
least signifi- 


cant bits according 
to the interrupt 
level. A1O-AS are 


ignored 
and ADI (Address 
Interval) 
has no effect: 


LTIM: 
If LTIM = 1, then the 82C59A-2 
will operate 


in the level interrupt 
mode. Edge detect logic 


on the interrupt 
inputs will be disabled. 


ADI: 
CALL address 
interval. 
ADI = 1 then inter- 


val = 4; ADI = 0 then interval = 8. 


SNGL: 
Single. Means that this is the only 82C59A·2 
in the system. 
If SNGL 
= 1 no ICW3 will be 


issued. 


IC4: 
If this bit is set - 
ICW4 has to be read. 
If 
ICW4 is not needed, 
set IC4 = O. 


INITIALIZATION 
COMMAND 
WORD 
3 (ICW3) 


This word is read only when there is more than one 
82C59A·2 
in the system 
and cascading 
is used, in 


which 
case 
SNGL 
= O. It will load the 8-bit slave 


register. 
The functions 
of this register 
are: 


a. In the master 
mode 
(either 
when 
SP = 1, or in 


buffered 
mode when MIS = 1 in ICW4) a "1" 
is 


set for each slave in the system. The master then 
will release 
byte 1 of the call sequence 
(for MCS- 


80/85 system) 
and will enable 
the corresponding 


slave to release 
bytes 2 and 3 (for 80C86, 80C88 


only byte 2) through 
the cascade 
lines. 


b. In the slave mode (either when SP = 0, or if BUF 


= 1 and MIS = 0 in ICW4) bits 2-0 identify 
the 


slave. The slave compares 
its cascade 
input with 


these bits and, if they are equal, bytes 2 and 3 of 
the 
call 
sequence 
(or 
just 
byte 
2 for 
80C86, 


80C88 are released 
by it on the Data Bus. 


INITIALIZATION 
COMMAND 
WORD 
4 (ICW4) 


SFNM: 
~ SFNM 
= 1 the special 
fully nested 
mode 


is programmed. 


BUF: 
If 
BUF 
= 
1 the 
buffered 
mode 
is 
pro- 


grammed. 
In 
buffered 
mode 
SP/EN 
be- 


comes 
an enable 
output 
and 
the masterl 


slave determination 
is by MIS. 


MIS: 
If buffered 
mode 
is selected: 
MIS 
= 
1 


means the 82C59A-2 
is programmed 
to be a 


master, 
MIS = 0 means 
the 82C59A-2 
is 


programmed 
to be a slave. If BUF = 0, MIS 


has no function. 


AEOI: 
If AEOI 
= 1 the automatic 
end of interrupt 


mode is programmed. 


/LPM: 
Microprocessor 
mode: 
/LPM = 
0 sets 
the 


82C59A·2 
for MCS·80, 85 system operation, 


/LPM = 1 sets the 82C59A-2 
for 80C86 sys- 


tem operation. 


§IE 


NOH-BUFFERED 
WODE 
1 
0 
BUFFERED 
WOOE/SLAVE 


1 
1 
BUFFERED 
WOOE/WASTrR 


CALL 
ADDRESS 
INTERVAL 
1 = INTERVAL 
or • 
o = INTERVAL 
OF' a 


"''] - A5 
OF' 
INTERRUPT 


VECTOR 
ADDRESS 
(WCS-eo/e5 
WaDE 
ONLY) 


.'5- 
Aa 
OF 
INn:RRUPT 


VECTOR 
ADDRESS 
(wcs-eo/e5 
WaDE 
ONLY) 
T7-T3 
or 
INTERRUPT 


VECTOR 
ADDMSS 
(eocu/eocaa 
WaDE) 


1 = IR 
INPUT 
HAS 
A SLAVE 
0= 
IR 
INPUT 
OOES 
NOT 
HAVE 
A 
SLAVE 


SLAVE 
10(') 
••• o 


1 


1 


t =SPEQAL 
FUllY 
NEST[[) 
WODE 
O=HOT 
SPEOAl 
FUU.Y 
NESTED 
llODE 


NOTE: 
Slave 
ID is equal to the corresponding 
master 
IR input. 


Figure 7. Initialization 
Command 
Word Format 
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OPERATION 
COMMAND 
WORDS 


(OCWs) 


After the initialization Command Words (ICWs) are 
programmed into the 82C59A-2, the chip is ready to 
accept interrupt requests at its input lines. However, 
during the 82C59A-2 operation, a selection of algo- 
rithms can command the 82C59A-2 to operate in 
various modes through the Operation Command 
Words (oCWs). 


OPERATION 
CONTROL 
WORDS 
(OCWs) 


OCW1 
D5 
D4 


M5 
M4 


AO 
GJ 


D7 
D6 
I M7 
M6 


D3 
D2 
D1 
DO 


M3 
M2 
M1 
MOI 


OCW2 
I A 
SL 
Eol 
0 
0 
L2 
L1 
LO I 


OCW3 


10 
ESMM 
SMM 0 
P 
AA 
AIS I 


OPERATION 
CONTROL 
WORD 
1 (OCW1) 


OCW1 sets and clears the mask bits in the interrupt 
Mask Aegister (IMA). M7- Mo represent the eight 
mask bits. M = 1 indicates the channel is masked 
(inhibited), M = 0 indicates the channel is enabled. 


OPERATION 
CONTROL 
WORD 
2 (OCW2) 


A, SL, Eol - 
These three bits control the Aotate 


and End of Interrupt modes and combinations of the 
two. A chart of these combinations can be found on 
the Operation Command Word Format. 


L2' L1' Lo- These bits determine the interrupt level 
acted upon when the SL bit is active. 


OPERATION 
CONTROL 
WORD 
3 (OCW3) 


ESMM - 
Enable Special Mask Mode. When this bit 


is set to 1 it enables the SMM bit to set or reset the 
Special Mask Mode. When ESMM = 0 the SMM bit 
becomes a "don't care". 


SMM - 
Special Mask Mode. If ESMM = 1 and 


SMM = 1 the 82C59A-2 will enter Special Mask 
Mode. If ESMM = 1 and SMM = 0 the 82C59A-2 
will revert to normal mask mode. When ESMM = 0, 
SMM has no effect. 


This mode is entered after initialization unless anoth- 
er mode is programmed. The interrupt requests are 
ordered in priority form 0 through 7 (0 highest). 
When an interrupt is acknowledged the highest pri- 
ority request is determined and its vector placed on 
the bus. Additionally, a bit of the Interrupt Service 
register (ISo-7) is set. This bit remains set until the 
microprocessor issues an End of Interrupt (Eol) 
command immediately before returning from the 
service routine, or if AEol (Automatic. End of Inter- 
rupt) bit is set, until the trailing edge of the last INTA. 
While the IS bit is set, all further interrupts of the 
same or lower priority are inhibited, while higher lev- 
els will generate an interrupt (which will be acknowl- 
edged only if the microprocessor internal interrupt 
enable flip-flop has been re-enabled through soft- 
ware). 


After the initialization sequence, IAOhas the highest 
priority 
and 
IA7 
the 
lowest. 
Priorities can 
be 


changed, as will be explained, in the rotating priority 
mode. 


The In Service (IS) bit can be reset either automati- 
cally following the trailing edge of the last in se- 
quence INTA pulse (when AEol bit in ICW4 is set) or 
by a command word that must be issued to the 
82C59A-2 before returning from a service routine 
(Eol command). An Eol command must be issued 
twice if in the Cascade mode, once for the master 
and once for the corresponding slave. 


There are two forms of Eol command: Specific and 
Non-Specific. When the 82C59A-2 is operated in 
modes which preserve the fully nested structure, it 
can determine which IS bit to reset on Eol. When a 
Non-Specific Eol command is issued the 82C59A-2 
will automatically reset the highest IS bit of those 
that are set, since in the fully nested mode the high- 
est IS level was necessarily the last level acknowl- 
edged and serviced. A non-specific Eol can be is- 
sued with OCW2 (Eol = 1, SL = 0, A = 0). 


When a mode is used which may disturb the fully 
nested structure, the 82C59A-2 may no longer be 
able to determine the last level acknowledged. In 
this case a Specific End of Interrupt must be issued 
which includes as part of the command the IS level 
to be reset. A specific Eol can be issued with OCW2 
(Eol = 1, SL = 1, A = 0, and LO-L2is the binary 
level of the IS bit to be reset). 


It should be noted that an IS bit that is masked by an 
IMA bit will not be cleared by a non-specific Eol if 
the 82C59A-2 is in the Special Mask Mode. 


ocwz 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
I 0 
I 
H I SL 
I EOI I 
0 
I 
0 
ILz 
ILl 
ILO I 


IR 
LEVEL 
TO 
BE 
ACTED 
UPON 


o 
1 
2 3 
4 
S 
6 
7 
- 
0 , 
0 
t 
0 
t 
0 , 


0 
0 , 
t 
0 
0 
1 , 


0 
0 
0 
0 , , 
t 
1 


0 
0 
1 
NON 
SPECIFIC 
EOI 
COMMAND 
} 
END 
OF 
INTERRUPT 


0 
1 
1 
SPECIFIC 
EOI 
COMMAND 


1 
0 
1 
ROTATE 
ON 
NON-SPECIFIC 
EOI 
COMMAND 


} 
AUTOMATIC 
ROTATION 
, 
0 
0 
ROTATE 
IN 
AUTOMATIC 
EOI 
MODE(SET) 
0 
0 
0 
ROTATE 
IN 
AUTOMATIC 
EOI 
MODE(ClEAR) 
, , , 
°ROTATE 
ON 
SPECIFIC 
EOI 
COMMAND 
} 
SPECIFIC 
ROTATION 
1 , 0 
°SET 
PRIORITY 
COMMAND 
0 
1 
0 
NO 
OPERATION 
0LO -l2 
ARE USED 


REAO IR 
REG ON 
NEXT iiii 
PULSE 


REAO IS 
REG ON 
NEXT Iili 
PULSE 


o 


1 


RESET 
SPECIAL 
WASK 


SET 
SPECIAL 
WASK 
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AUTOMATIC END OF INTERRUPT (AEOI) MODE 


If AEOI = 1 in ICW4,then the 82C59A-2 will operate 
in AEOI mode continuously until reprogrammed by 
ICW4. In this mode the 82C59A-2 will automatically 
perform a non-specific EOI operation at the trailing 
edge of the last interrupt acknowledge pulse (third 
pulse in MCS-80/85, second in 80C86/88). Note 
that from a system standpoint, this mode should be 
used only when a nested multilevel interrupt struc- 
ture is not required within a single 82C59A. 


The AEOI mode can only be used in a master 
82C59A and not a slave. 


(Equal Priority Devices) 


In some applications there are a number of interrupt- 
ing devices of equal priority. In this mode a device, 
after being serviced, receives the lowest priority, so 
a device requesting an interrupt will have to wait, in 
the worst case until each of 7 other devices are 
serviced at most once. For example, if the priority 
and "in service" status is: 


Before Rotate (IR4 the highest priority requiring 
service) 


Lowest 
Highest 


Priority 
Priority 
J. 
J. 
= 


After Rotate (IR4 was serviced, all other priorities 
rotated correspondingly) 


Highest 
Lowest 


Priority 
Priority 
J. 
J. 
= 


There are two ways to accomplish Automatic Rota- 
tion using OCW2, the Rotation on Non-Specific EOI 
Command (R = 1, SL = 0, EOI = 1) and the Ro- 


tate in Automatic EOI Mode which is set by (R = 1, 
SL = 0, EOI = 0) and cleared by (R = 0, SL = 0, 
EOI = 0). 


The programmer can change priorities by program- 
ming the bottom priority and thus fixing all other pri- 
orities; Le.,if IR5 is programmed as the bottom prior- 
ity device, then IR6 will have the highest one. 


The Set Priority command is issued in OCW2 where: 
R = 1, SL = 1; LO-L2 is the binary priority level 
code of the bottom priority device. 


Observe that in this mode internal status is updated 
by software control during OCW2. However, it is in- 
dependent of the End of Interrupt (EOI) command 
(also executed by OCW2). Priority changes can be 
executed during an EOI command by using the Ro- 
tate on Specific EOI command in OCW2 (R = 1, SL 
= 1, EOI = 1 and LO-L2 
= IR level to receive 


bottom priority). 


Each Interrupt Request input can be masked individ- 
ually by the Interrupt Mask Register (IMR) pro- 
grammed through OCW1. Each bit in the IMR masks 
one interrupt channel if it is set (1). Bit 0 masks IRO, 
Bit 1 masks IR1 and so forth. Masking an IR channel 
does not affect the other channels operation. 


Some applications may require an interrupt service 
routine to dynamically alter the system priority struc- 
ture during its execution under software control. For 
example, the routine may wish to inhibit lower priori- 
ty requests for a portion of its execution but enable 
some of them for another portion. 


The difficulty here is that if an interrupt Request is 
acknowledged and an End of Interrupt command did 
not reset its IS bit (Le., while executing a service 
routine), the 82C59A-2 would have inhibited all lower 
priority requests with no easy way for the routine to 
enable them. 


That is where the Special Mask Mode comes in. In 
the special Mask Mode, when a mask bit is set in 
OCW1, it inhibits further interrupts at that level and 
enables interrupts from all other levels (lower as well 
as higher) that are not masked. 


inter 


Thus, any interrupts may be selectivity enabled by 
loading the mask register. 


The special Mask Mode is set by OCW3 where: 
SSMM = 1, SMM = 1, and cleared where SSMM = 
1, SMM = O. 


In this mode the INT output is not used or the micro- 
processor internal Interrupt Enable flip-flop is reset, 
disabling its interrupt input. Service to devices is 
achieved by software using a Poll command. 


The Poll command is issued by setting P = "1" in 
OCW3. The 82C59A-2 treats the next RD pulse to 
the 82C59A-2 (Le., RD = 0, CS = 0) as an interrupt 
acknowledge, sets the appropriate IS bit if there is a 


LnM 
BIT 
O=EDGE 
1 = LEVEL 


request, and reads the priority level. Interrupt is fro- 
zen from WR to RD. 


07 
06 
05 
04 


I 
I 


03 
02 
01 


W2 
W1 


DO 


WO I 


WO-W2: 
Binary code of the highest priority level requesting 
service. 
I: Equal to a "1" if there is an interrupt. 


This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed (saves ROM space). Another 
application is to use the poll mode to expand the 
number of priority levels to more than 64. 


EOGE 
SENSE 
LATCH 


MCS-80,85{ 
INTA(U'l..n.,tf""" 


MODE 
FREEZE4q 
\r 
•....__..• 


80C86/80C88{ 
1NTA""'il-nr- 


MODE 
FREEZE--L...T- 


NON 
MASKED 
REQ 


NOTES: 
1. Master 
Clear active 
only during 
ICW1 
2. Freeze/ 
is active 
during 
INTAIand 
poll sequences 
only 
3. Truth Table for D-latch 


OPERATION 


FOLLOW 
HOLD 


The input status of several internal registers can be 
read to update the user information on the system. 
The following registers can be read via OCW3 (IRR 
and ISR or DCW1 [IMRl). 


Interrupt 
Request 
Register 
(IRR): 8-bit register which 


contains the levels requesting an interrupt to be ac- 
knowledged. The highest request level is reset from 
the IRR when an interrupt is acknowledged. (Not af- 
fected by IMR). 


In-Service 
Register 
(ISR): 8-bit register which con- 


tains the priority levels that are being serviced. The 
ISR is updated when an End of Interrupt Command 
is issued. 


Interrupt 
Mask 
Register. 
8-bit register which con- 


tains the interrupt request lines which are masked. 


The IRR can be read when, prior to the RD pulse, a 
Read Register Command is issued with DCW3 (RR 
= 1, RIS = 0.) 


The ISR can be read when, prior to the RD pulse, a 
Read Register Command is issued with DCW3 (RR 
=1,RIS=1): 


There is no need to write an DCW3 
before every 


status read operation, as long as the status read 
corresponds 
with 
the 
previous 
one; 
i.e., 
the 


82C59A-2 "remembers" whether the IRR or ISR has 
been previously selected by the DCW3. This is not 
true when poll is used. 


After initialization the 82C59A-2 is set to IRR. 


For reading the IMR, no DCW3 is needed. The out- 
put data bus will contain the IMR whenever RD is 
active and AD = 1 (DCW1). 


Polling overrides status read when P = 1, RR = 1 
in DCW3. 


This mode is programmed using bit 3 in ICW1. 


If LTIM = '0', an interrupt request will be recognized 
by a low to high transition on an IR input. The IR 
input can remain high without generating another in- 
terrupt. 


If LTIM = '1', an interrupt request will be recognized 
by a 'high' level on IR Input, and there is no need for 
an edge detection. The interrupt request must be 
removed before the EDI command is issued or the 
CPU interrupt is enabled to prevent a second inter- 
rupt from occurring. 


The priority cell diagram shows a conceptual circuit 
of the level sensitive and edge sensitive input circuit- 
ry of the 82C59A-2. Be sure to note that the request 
latch is a transparent D type latch. 


In both the edge and level triggered modes the IR 
inputs must remain high until after the falling edge of 
the first INTA. If the IR input goes low before this 
time a DEFAULT IR? will occur when the CPU ac- 
knowledges the interrupt. This can be a useful safe- 
guard for detecting interrupts caused by spurious 
noise glitches on the IR inputs. To implement this 
feature the IR? routine is used for "clean up" simply 
executing a return instruction, thus ignoring the inter- 
rupt. If IR? is needed for other purposes a default 
IR? can still be detected by reading the ISR. A nor- 
mallR? interrupt will set the corresponding ISR bit, a 
default IR? won't. If a default IR? routine occurs dur- 
ing a normal IR? routine, however, the ISR will re- 
main set. In this case it is necessary to keep track of 
whether or not the IR? routine was previously en- 
tered. If another IR? occurs it is a default. 


Figure 10. IR Triggering 
Timing Requirements 
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This mode will be used in the case of a big system 
where 
cascading 
is used, and the priority 
has to be 


conserved 
within 
each 
slave. 
In this case 
the fully 


nested 
mode will be programmed 
to the master 
(us- 
ing ICW4). This mode is similar to the normal nested 
mode with the following 
exceptions: 


a. When an interrupt 
request 
from a certain 
slave is 
in service 
this slave 
is not locked 
out from 
the 


master's 
priority 
logic 
and 
further 
interrupt 
reo 


quests 
from 
higher 
priority 
IR's within 
the slave 


will be recognized 
by the master 
and will initiate 


interrupts 
to the processor. 
(In the normal nestled 


mode a slave is masked 
out when its request 
is in 


service 
and 
no higher 
requests 
from 
the 
same 


slave can be serviced.) 


b. When 
exiting 
the 
Interrupt 
Service 
routine 
the 


software 
has to check whether 
the interrupt 
serv- 


iced 
was 
the 
only 
one 
from 
that 
slave. 
This 
is 


done 
by sending 
a non-specific 
End of Interrupt 
(EOI) command 
to the slave and then reading 
its 
In-Service 
register 
and checking 
for zero. 
If it is 
empty, a non-specific 
EOI can be sent to the mas- 


ter too. If not, no EOI should 
be sent. 


When the 82C59A-2 
is used in a large system where 
bus driving buffers 
are required 
on the data bus and 


the cascading 
mode is used, there 'exists the prob- 
lem of enabling 
buffers. 


The 
buffered 
mode 
will structure 
the 82C59A-2 
to 


send an enable 
signal on SP/EN 
to enable the buff- 


ers. 
In this 
mode, 
whenever 
the 
82C59A-2's 
data 
bus 
outputs 
are 
enabled, 
the 
SP/EN 
output 
be- 
comes 
active. 


This 
modification 
forces 
the 
use of software 
pro- 


gramming 
to determine 
whether 
the 82C59A-2 
is a 


master or a slave. Bit 3 in ICW4 programs 
the buff- 


ered mode, and bit 2 in ICW3 determines 
whether 
it 
is a master 
or a slave. 


The 
82C59A-2 
can 
be easily 
interconnected 
in a 
system of one master with up to eight slaves to han- 
dle up to 64 priority 
levels. 


The 
master 
controls 
the slaves 
through 
the 
3 line 


cascade 
bus. The cascade 
bus acts like chip selects 


to the slaves 
during the INTA sequence. 


In a cascade 
configuration, 
the slave 
interrupt 
out- 


puts are connected 
to the master 
interrupt 
request 
inputs. 
When 
a slave 
request 
line is activated 
and 


afterwards 
acknowledged, 
the master will enable the 
corresponding 
slave 
to release 
the 
device 
routine 


address 
during bytes 2 and 3 of INT A. (Byte 2 only 
for 8oC86/8oC88). 


The cascade 
bus lines are normally 
low and will con- 
tain the slave address 
code from the trailing edge of 
the first INTA pulse to the trailing 
edge of the third 


pulse. 
Each 82C59A-2 
in the system 
must follow 
a 
separate 
initialization 
sequence 
and 
can 
be 
pro- 


grammed 
to work in a different 
mode. An EOI com- 


mand must be issued twice: once for the master and 
once 
for the corresponding 
slave. 
An address 
de- 
coder 
is required 
to activate 
the 
Chip Select 
(CS) 
input of each 82C59A-2. 


The cascade 
lines of the Master 82C59A-2 
are acti- 
vated 
only for slave 
inputs, 
non slave 
inputs 
leave 
the cascade 
line inactive 
(low). 


~orlllllll 
l__ 


Figure 
11. Cascading 
the 82C59A-2 
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Ambient 
Temperature 
Under Bias 
O·C to 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage 
(w.r.t. ground) 
-0.5 
to 7.0V 


Input Voltage 
(w.r.t. ground) 
-0.5 
to Vcc 
+ 0.5V 


Output Voltage 
(w.r.t. ground) .. -0.5 
to Vcc 
+ 0.5V 


Power Dissipation 
0.9 Watt 


•Notice: Stresses above those listed under 'i4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE· Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


Ices 
Standby Supply Current 
10 
p.A 
VIN = Vcc or GND 
AIIIR = Vcc 
Outputs 
Unloaded 
Vcc = 5.5V 


Icc 
Operating 
Supply Current 
5 
mA 
(Note) 


VIH 
Input High Voltage 
2.2 
Vcc 
+ 0.5 
V 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VOL 
Output Low Voltage 
0.4 
V 
IOL = 2.5mA 


VOH 
Output High Voltage 
3.0 
V 
IOH = -2.5 
mA 


Vcc 
-0.4 
IOH = -100 
p.A 


III 
Input Leakage Current 
±1.0 
p.A 
OV ~ VIN ~ Vcc 


'LO 
Output Leakage Current 
±10 
p.A 
OV ~ VOUT ~ Vcc 


ILiR 
IR Input Leakage Current 
-300 
p.A 
VIN = 0 


+10 
VIN = Vcc 


NOTE: 
Repeated 
data input with e0C86-2 
timings. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


CIN 
Input Capacitance 
7 
pF 
fc = 1 MHz 


CliO 
I/O Capacitance 
20 
pF 
Unmeasured 
pins at GND 


COUT 
Output Capacitance 
15 
pF 


Symbol 
Parameter 
82C59A-2 
Units 
Test Conditions 


Mln 
Max 


TAHRL 
AO/CS 
Setup to RD/INTA J. 
10 
ns 
.' 


TRHAX 
AO/CS 
Hold after RD/INTA t 
5 
ns 


TRLRH 
RD/INTA 
Pulse Width 
160 
ns 


TAHWL 
AO/CS 
Setup to WR J. 
0 
ns 


TWHAX 
AO/CS 
Hold after WR t 
0 
ns 


TWLWH 
WR Pulse Width 
190 
ns 


TDVWH 
Data Setup to WR t 
160 
ns 


TWHDX 
Data Hold after WR t 
0 
ns 


TJLJH 
Interrupt 
Request Width (Low) 
100 
ns 
(See Note) 


TCVIAL 
Cascade 
Setup to Second or Third 
40 
ns 
INTA J. (Slave Only) 


TRHRL 
End of RD to next RD 
160 
ns 


End of INTA to next INTA within 
an INTA sequence 
only 
;. 


TWHWL 
End of WR to next WR 
190 
ns 


·TCHCL 
End of Command 
to next Command 
400 
ns 


(Not same command 
type) 


End of INTA sequence 
to next 


INTA sequence. 


·Worst 
case timing 
for TCHCL 
in an actual 
microprocessor 
system 
is typically 
much greater 
than 400 ns (i.e. 808SA = 1.6 
,..s. 808S-A2 
= 1 ,..s. 80C86 
= 1 ,..S, 80C86-2 
= 625 ns) 


NOTE: 
This is the low time required 
to clear the input latch in the edge triggered 
mode. 
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Symbol 
Parameter 
8259A·2 
Units 
Test Conditions" 


Mln 
Max 


TRLDV 
Data Valid from RD/INTA.J.- 
120 
ns 
1 


TRHDZ 
Data Float after RD/INTA t 
10 
85 
ns 
2 


TJHIH 
Interrupt 
Output Delay 
300 
ns 
1 


TIALCV 
Cascade Valid from First INTA.J.- 
360 
ns 
1 
(Master Only) 


TRLEL 
Enable Active from RD.J.- or INTA.J.- 
110 
ns 
1 


TRHEH 
Enable Inactive from RD t or INTA t 
150 
ns 
1 


TAHDV 
Data Valid from Stable Address 
200 
ns 
1 


TCVDV 
Cascade 
Valid to Valid Data 
200 
ns 
1 


TEST CONDITION 
V1 
R1 
R2 
C1 


1 
1.7V 
5230 
OPEN 
100 pf 
2 
4.5V 
1.8 kO 
1.8 kO 
30 pf 


INPUT 
OUTPUT 


VIH+O.~V~ 
~2.~V 


VIL - O.~V ----J'I.. 
7"C...-- 
O.~5V 


231201-15 


V,h' 
OUTPUT 
TEST POINT 


FROlA 
DEVICE UNDER TEST 


_ 
R2 I 
C" 


- 
- 
A.C. Testing: 
All input 
signals 
must 
switch 
between 
VIL 
- 
0.4V 


and VIH + 0.4V. 
Input Rise and Fall Times 
must 
be ,. 
15 ns. All 


timing 
measurements 
are made 
at 2.4V 
and 0.45V. 


WAVEFORMS 


WRITE 


WAVEFORMS 
(Continued) 


READ/INTA 


TRL~ 
r- 


DATAIUI-- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
- 
~:~ 
- 
- 
- i 
t------- 


inter 


WAVEFORMS 
(Continued) 


INTA SEQUENCE 
IR?£}TJHIH 
C... 
TJlJH -------------C? 


INT----- 
_ 


iNTA 


NOTES: 
Interrupt 
output 
must remain 
HIGH at least until leading 
edge of first INT A. 


1. Cycle 
1 in 80C86 
and 80C88 
systems, 
the Data Bus is not active. 
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82261 
CMOS MULTI-FUNCTION 
LSI PERIPHERAL 


• 
Offers 
Optimal 
Board-Space 
savings 


• 
80C86/C88 
and 8086/88 
Compatible 


• 
8 MHz Operation 


• 
100-Pln Gull-Wing 
Fiat-package 


• 
Low-Power 
CMOS Technology 


• 
TTL Compatible 
Inputs/Outputs 


• 
CMOS Multi-function 
Peripheral 
Combining 
Four Components 
Into 
Single Chip: 
-82C84A 
-82C59A 
-82C53 
-82C55A 


• 
same 
Functions 
and Complete 
Compatibility 
with Discrete 
NMOS 
Components· 


The Intel 82261 is a high-performance 
CMOS multi-function 
peripheral 
designed 
to service the requirements 
of 


the 80C86/C88 
and 8086/88 
processors. 
The chip integrates 
four peripherals--82C84A, 
82C59A, 
82C53 and 


82C55A, 
and is functionally 
identical 
to the discrete 
components. 
Its advanced, 
space-saving 
1DO-pin gull-wing 


flat-package 
requires 
less than % board space of the separate 
components. 


The clock 
oscillator 
(82C84A) 
generates 
up to 8 MHz system 
clock 
for the processor. 
The programmable 


interrupt 
controller 
(82C59A) 
can handle up to 8 vectored 
interrupts. 
Eight additional 
external 
interrupt 
control- 


lers may be cascaded 
to support 
a maximum 
of 64 interrupts. 
The 
programmable 
interval 
timer 
(82C53) 


provides 
3 independent 
16-bit counters, 
each capable 
of handling 
clock inputs up to 5 MHz. The programma- 


ble 110 (82C55A) 
provides 
three 8-bit ports. 


" 
X2 


F/e 
EI"I 


CSYNC 
ROY1 
AEM' 
Ron 
AEN2 
ASYNC 
ill 


INT 
INTA 
sp/fiivoo--- 
VS5--- 


05C 


CLOCK 
OSCILLATOR 
CPUCUC 


PelK 
-------------_ 
..- 


R£.A.DY 
SYNCHRONIZATION 
READY 
(WAIT 
SIGNAL 
GENERATION) 
.... -- .. - ..... _ ...... - .... - 


READY 
SYNCHRONIZATION 
RESET 


RESET: 
PA0-7 
, 
GROUP A 
tj , 
I/O 
CONTROL 
,i 
, 
PCO-3 
:- ...................... 
, 
PC4-7 
~ 
,, 
GROUP 
B 
, 
I/O 
CONTROL 
, 
P80-7 
, 
, 
ClKO 
. 
nWER/COUNTER 
a 
GATl:O 
, 
tj , 
aUTO 
~ .----------- 
, 
ClK' 
~ 
, 
nWER/COUNTER 
1 
GATI:1 
,, 
DUll 
" 


to ___________ 
~ 
ClK2 


TIWER/COUNTl:R 
2 
GATl:2 


OU12 


., 
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1: 
INTERRUPT 
CONTROL 
e :, 
---------- .... - .. -- 
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Xl 


VSS 
VSS 
ROYI 


AENI 


ASYNC 


CSYNC 
fie 


RES 


GATE2 


OUT2 
oun 


OUTO 


(NC) 


Vss 
PA7 


PA6 


PAS 
PM 


PA3 


PA2 


PAl 


PAD 


Vss 
Voo 


Vss 


AD 


Al 


IRO 


IRI 


IR2 


IR3 


IR4 


IRS 


IR6 


IR7 


(NC) 


(NC) 


CSPIC 


CSPIT 


CSPPI 


Vss 


CLK2 


GATE 1 


CLKI 


CLKO 


GATED 


INTA 


INT 


Vss 
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Figure 1 shows the functional block diagram of the 
82261 LSI. A summary of features of individual func- 
tional units is listed below: 


A. Programmable 
Timer/Counter 
(Equivalent 
to 


82C53) 


• 3 16-bit counters-count 
binary/BCD 


• Programmable rate generator 
• Programmable one-shot 
• Square wave rate generator 
• Software triggered strobe 


• Hardware triggered strobe 
B. Programmable Interrupt Controller (Equivalent to 


89C59A) 


• 8-level interrupt controller with programmable pri- 


orities 


• Expandable to 64 levels in master/slave configu- 
ration 


• Masking capability for individual Interrupt levels 


C. Programmable I/O (Equivalent to 82C55A) 
• 3 8-bit ports with programmable I/O operation 
• Direct bit set/reset capabilities to ease peripheral 


control interface 


D. Clock Generator (Equivalent to 82C84A) 


• Generates system and peripheral clocks 
for 


8086/88 systems 


• Supports a choice of a crystal or an external fre- 


quency source 


• Provides READY synchronization 
• Capable of 
clock 
synchronization with 
other 


82C84A182261 
in multiprocessor configurations 


• Generates system reset for the 8086/88 from 


Schmitt trigger input 


For a detailed operation of these functional units, 
please refer to their respective data sheets in the 
Intel 'Microprocessor and Peripheral Handbook' (or- 
der "230843). The pin diagram and package dimen- 
sions for the 82261 are shown in Figure 2 and Figure 
3 respectively. 
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Symbol 
Pin 
Type 
Function 


D7-DO 
78-85 
I/O 
Bidirectional, 
TRI-ST ATE data bus. The bus is floated 
when RD, WR, and 
INTA are all active high. 


A1-AO 
73-74 
I 
These input signals, in conjunction 
with RD, WR, and CS, are used to select 


the internal registers of each functional 
block. Refer to Tables 2-5 
for a 


complete 
decoding 
information. 


WR 
89 
I 
An active low signal on this pin allows to write to the 82261. Data (DO-D7) 
is 


written to the 82261 at the rising edge of the WR pulse. 


RD 
88 
I 
An active low signal on this pin allows to read from the 82261. 


CSPIC 
62 
I 
Chip-Select 
for the Interrupt 
Controller 
block. 


CSPIT 
61 
I 
Chip-Select 
for the Timer/Counter 
block. 


CSPPI 
60 
I 
Chip-Select 
for the I/O Control Block. 


RESET 
93 
0 
This is an active high signal used to reset the CPU. Internally, 
it is also used 


to reset the I/O port (82C55A). 
Its timing characteristics 
are determined 
by 


RES. All three ports, PA, PB, and PC, are set to the input mode upon reset. 


RES 
9 
I 
An active low on this pin generates 
the RESET signal. This is a schmitt 


trigger input to be connected 
to an R-C circuit to establish 
the power-up 


reset of proper duration. 


X1, X2 
1,100 
I 
Crystal connection 
terminals. 
Cry~al 
frequency 
should be three times the 


desired CPU clock rate. When F/C is strapped 
high, X1 should be tied to 


Vcc or Vss, and X2 should be left open. 


F/C 
8 
I 
F/C is a strapping 
option. When strapped 
low, CPU clock (ClK) 
is generated 


from the crystal input (X1, X2). When strapped 
high, ClK 
is generated 
from 


the EFI input. 


EFI 
98 
I 
This input is used to generate 
the CPU clock (ClK) 
when the F/C input is 


strapped 
high. The input signal is a square wave ~ith 3 times the desired 


CPU clock. EFI must be tied high or low when F/C is strapped 
low. 


ClK 
96 
0 
System clock used by the CPU and other devices which connect 
to the 


processor's 
local bus. It has % of the crystal or the EFI frequency, 
and % 


duty cycle. 


PClK 
94 
0 
Peripheral 
clock. It has 50% duty cycle and % of the ClK 
frequency. 


OSC 
97 
0 
TIl 
level output of the internal oscillator 
circuitry. 
Its frequency 
is that of the 


crystal. The output is not affected 
when CSYNC is active high. 


RDY1, 
4 
I 
Data ready signals. When active high, it is an indication 
for the CPU from the 
RDY2 
91 
currently 
selected 
device that data has been received, 
or is available. 
RDY1 
is qualified 
by AEN1 while RDY2 is qualified 
by AEN2. 


AEN1 
5 
I 
Address 
enable signals. When active low, AEN1 qualifies 
RDY1, and AEN2 
AEN2 
90 
qualifies 
RDY2. Two AEN signals are provided 
to access two multi-master 


system buses. In non multi-master 
configurations, 
the AEN inputs are tied 


low. 


READY 
92 
0 
This is an active high signal synchronized 
with the RDY input. READY is 


cleared 
after the guaranteed 
hold time for the CPU has been met. 


ASYNC 
6 
I 
Ready synchronization 
mode select. When held low, READY becomes 


active after second 
synchronization. 
When high or open (an internal pull-up 


is provided), 
READY goes active with the first synchronizaton. 


inter 


Symbol 
Pin 
Type 
Function 


CSYNC 
7 
I 
Clock synchronization 
signal. This is an active high signal to permit other 


82C84A and/or 
82261 in the system to be synchronized 
to provide clocks 


that are in phase. Internal counters 
are reset when CSYNC is active high. 


,I ~ 
Counting 
resumes when CSYNC goes low. CSYNC must be externally 


synchronized 
with EFI. Must be tied to ground when using the internal 


oscillator. 


CLKO 
55 
I 
Clock input signal for corresponding 
timers/counters. 
When a count is set 
CLK1 
56 
in a counter, 
count-down 
begins at the next falling edge of the related CLK. 


CLK2 
58 


OUTO 
13 
0 
Timer/Counter 
outputs. The output waveforms 
are synchronized 
with the 
OUT1 
12 
respective 
clocks. 
OUT2 
11 


GATEO 
54 
I 
Gate Inputs. Control start/stop/reset 
operation 
in accordance 
with their 
GATE1 
57 
respective 
timer/counter 
modes. 


GATE2 
10 


PA7-PAD 
16-23 
I/O 
8-bit I/O latch/buffer 
(same as 82C55A 
port A). 


PB7-PBO 
35-43 
I/O 
8·bit I/O latch/buffer 
(same as 82C55A port B). 


PC7-PCO 
26-33 
I/O 
Same as 82C55A 
port C. It can be divided and used as two 4-bit ports 


under the mode control. 
Each 4·bit port contains 
a 4·bit latch and can be 


used for control 
signal outputs and status signal inputs in conjunction 
with 


ports A and B. 


IR7-IRO 
65-72 
I 
Interrupt 
request signals. These are asynchronous 
inputs. A device may 


request an interrupt 
by raising (low 
- 
high) one of the IR lines (edge 


triggered 
method), 
or simply by holding it high (level triggered 
method). 


INTA 
53 
I 
Interrupt 
acknowledge 
from the CPU. A sequence 
of INTA pulses issued 


by the CPU allows the 82261 to place the interrupt vector on the data bus. 


INT 
52 
0 
CPU interrupt. 
This pin goes active high whenever 
a valid interrupt 
request 


(IR) is asserted. 


SP/EN 
48 
I/O 
Slave program/Buffer 
enable. 
Used in the buffer mode to control 
buffer 


transceivers. 
In non-buffered 
mode it is used to designate 
a master 


(SP = 1) or slave (SP = 0). 


Vss 
2 
I 
Ground. 


3 
15 
I', 


~4 
34 
.,, 


44 
51 
59 
75 
.. 


77 
86 
95 
.. 


Vcc 
25 
I 
Supply Voltage. 
49 
87 
99 


inter 


WR 
RD 
CSPIT 
CSPIO 
CSPIC 
INTA 
DO-7 
Operation 
of Data Bus 


1 
0 
0 
1 
1 
1 
OUT 
Timer/Counter 
Part -+ 
Data 
1 
0 
1 
0 
1 
1 
OUT 
I/O Part -+ Data 
1 
0 
1 
1 
0 
1 
OUT 
Interrupt 
Control 
Part -+ 
Data 
1 
1 
1 
1 
1 
0 
OUT 
Interrupt 
Control 
Part -+ 
Data 


0 
1 
0 
1 
1 
1 
IN 
Data -+ Timer/Counter 
Part 
0 
1 
1 
0 
1 
1 
IN 
Data -+ I/O Part 
0 
1 
1 
1 
0 
1 
IN 
Data -+ 
Interrupt 
Control 
Part 


1 
0 
X 
X 
X 
1 
Z 
Data Bus High Impedance 
X 
X 
1 
1 
1 
1 
Z 
Data Bus High Impedance 


NOTE: 
X stands for don't care 


A1 
AO 
WR 
RD 
CSPIO 
Operation 


0 
0 
1 
0 
0 
PA -+ Data Bus· 
0 
1 
1 
0 
0 
PB -+ Data Bus 
Read 
1 
0 
1 
0 
0 
PC -+ Data Bus 


1 
1 
1 
0 
, 


0 
Inhibit 


0 
0 
0 
1 
0 
Data Bus -+ 
PA 


0 
1 
0 
1 
0 
Data Bus -+ 
PB 


1 
0 
0 
1 
0 
Data Bus -+ 
PC 
Write 
1 
1 
0 
1 
0 
Data Bus -+ Control 


X 
X 
X 
X 
1 
Data Bus High Impedance 
X 
X 
1 
1 
0 
Data Bus High Impedance 


A1 
AO 
WR 
RD 
CSPIT 
Operation 
of Bus 


0 
0 
1 
0 
0 
Read from Counter 
#0 
0 
1 
1 
0 
0 
Read from Counter 
# 1 


1 
0 
1 
0 
0 
Read from Counter 
# 2 


1 
1 
1 
0 
0 
No Operation 
(High Impedance) 


0 
0 
0 
1 
0 
Write to Counter 
#0 
0 
1 
0 
1 
0 
Write to Counter 
# 1 
1 
0 
0 
1 
0 
Write to Counter 
# 2 
1 
1 
0 
1 
0 
Write Mode Word 


X 
X 
1 
1 
X 
Disable (High Impedance) 


D4 
D3 
AO 
WR 
RD 
CSPIC 
INTA 
Operation 
of Bus 


X 
X 
0 
1 
0 
0 
1 
Read from IRR, ISR 
X 
X 
1 
1 
0 
0 
1 
Read from IMR 


0 
0 
0 
0 
1 
0 
1 
WriteOCW2 
0 
1 
0 
0 
1 
0 
1 
WriteOCW3 
1 
X 
0 
0 
1 
0 
1 
Write ICW1 


X 
X 
1 
0 
1 
0 
1 
Write ICW2, ICW3 and ICW4 


X 
X 
X 
1 
1 
0 
1 
High Impedance 
X 
X 
X 
X 
X 
1 
1 
High Impedance 
X 
X 
X 
1 
1 
1 
0 
Read the Interrupt 
Vector 


Operating 
Temperature 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Supply Voltage 
Voo 
-0.3V 
to + 7.0V 


Voltage 
on any Input 
- 0.3V to VOO + 0.3V 


Voltage on any Output 
- 0.3V to Voo 
+ 0.3V 


Power Dissipation 
500 mW 


"Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input Low Voltage 
+0.3V 
0.8 
V 


VIH 
Input High Voltage 
2.0 
VCC 
V 
2.5Vfor 
RES 


VOL 
Output Low Voltage 
0,45V 
V 
(Note 1) 


VOH 
Output High Voltage 
(Note 2) 
V 
(Note 2) 


III 
Input Leakage Current 
(Note 3) 
+10 
IJ-A 
VIN = VcctoOV 


10FL 
Output Float Leakage Current 
-10 
+10 
IJ-A 
VIN = VcctoOV 


IOAR 
Darlington 
Drive Current 
-1 
mA 
For ports A, B, C of I/O Control 


100 
VCC Supply Current 
. 
80 
mA 
(Note 4) 


ICCSB 
Vcc Supply Current-Standby 
10 
IJ-A 
Vcc = 5.5V 
VIN = VCC or GND 
Port Conditions 


, 
r 
If I/P = Open/High 


O/P = Open Only 


With Data Bus = High/Low 


CS = High 
Reset = Low 


Pure Inputs = Low/High 


VINH-VIHR 
RES Input Hysteresis 
0.25 
V 


NOTES: 
1. IOL = 5 mA for CLK, PCLK, OSC, REAOY, RESET 


= 2.5 mA for Ports A, B, C of I/O Control Block 
= 2.2 mA for other outputs 


2. VOH = 4V, IOH = -1 
mA for CLK 


= 2.8V, IOH = -1 
mA for PCLK, OSL, REAOY, RESET 


= 3.5V, IOH = -100 
",A for INT 


= 2.4V,IOH = -400 
",A for other outputs 


3. III Min = -300 
",A for IRO-IR7 and -200 
",A for ASYNC 


4. Output: Open, JCLKO-2 = 5 MHz, Josc = 24 MHz 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


CIN 
Input Capacitance" 
10 
pF 
Unmeasured 
pins returned 


ClIO 
I/O Capacitance" 
20 
pF 
to GND fc = 1 MHz 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 


tAR 
CS', Address 
Stable before READ 


for Timer/Counter 
30 
ns 
for I/O and Interrupt 
Control 
0 
ns 


tRA 
CS', 
Address 
Hold Time for READ 
0 
ns 


tRR 
READ Pulse Width 
150 
ns 


tRO 
Data Delay from READ (Note 1) 
120 
ns 


tOF 
READ to Data Floating (Note 2) 
10 
85 
ns 


tRY 
Command 
Recovery 
Time 
200 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


tAW 
CS, Address 
Stable before WRITE 
0 
ns 


tWA 
CS. Address 
Hold Time for WRITE 
0 
ns 


tww 
WRITE Pulse Width 


for Timer/Counter 
160 
ns 


for I/O and Interrupt Control 
120 
ns 


tow 
Data Set Up Time for WRITE 
120 
ns 


two 
Data Hold Time for WRITE 
0 
ns 


tRY 
Command 
Recovery 
Time 
," 
200 
ns 


'CS means 
CSPIT, CSPPi, or CSPIC. 


NOTES: 
1. CL = 150 pF. 
2. CL = 20 pF, RL = 2 Kfl. 


WAVEFORMS 
FOR READ/WRITE 
CYCLES 


(for Timer/Counter, 
I/O, and Interrupt 
Control 
Blocks) 


inter 


WAVEFORMS 
FOR READ/WRITE 
CYCLES 
(for Timer/Counter, 
I/O, and Interrupt 
Control 
Blocks) 
(Continued) 


Symbol 
Parameter 
Mln 
Max 
Unlt8 


tCLK 
Clock Period 
200 
DC 
ns 


tpWH 
High Pulse Width 
80 
ns 


tpWL 
low 
Pulse Width 
60 
ns 


t<>w 
Gate Width High 
50 
ns 


tGL 
Gate Width low 
50 
ns 


t<>s 
Gate Set Up Time to ClK i 
50 
ns 


t<>H 
Gate Hold Time after ClK i 
50 
ns 


toD 
Output Delay from ClK J, (Note 1) 
150 
ns 


toDG 
Output Delay from Gate J, (Note 1) 
120 
ns 


NOTES: 
1. CL = 150 pF. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


tws 
WA = 1 to Output 
350 
ns 
CL = 150 pF 


tlR 
Peripheral 
Data Before AD 
0 
ns 


tHR 
Peripheral 
Data After AD 
0 
ns 


tAK 
ACK Pulse Width 
300 
ns 


tST 
STB Pulse Width 
350 
~ 
ns 
, 


tps 
Per. Date Before STB High 
0 
ns 


tpH 
Per. Data After STB High 
150 
ns 


tAD 
ACK = 0 to Output 
300 
ns 
CL = 150pF 


tKD 
ACK = 1 to Output Float 
20 
250 
ns 
CL = 150pF 


twos 
WA = 1 to OBF = 0 
300 
ns 
CL = 150 pF 


tAOS 
ACK = 0 to OBF = 1 
350 
ns 
CL = 150 pF 


tSIS 
STB = 0 to IBF = 1 
300 
ns 
CL = 150 pF 


tRIS 
AD = 1 to IBF = 0 
300 
ns 
CL = 150 pF 


tRfT 
AD = 0 to INTR = 1 
400 
ns 
CL = 150 pF 


tSIT 
STB = 1 to INTR = 1 
300 
ns 
CL = 150pF 


tAIT 
ACK = 1 to INTR = 1 
350 
ns 
CL = 150 pF 


tWIT 
WR = 0 to INTR = 0(1) 
450 
ns 
CL = 150pF 


NOTE: 
1. INTRt may occur as early as WR -L.. 


inter 


A.C. CHARACTERISTICS 
(Continued) 


MODE 0 (BASIC OUTPUT) 


inter 


NOTE: 
Any sequence where WR occurs before ACK AND SfB occurs before RD is permissible. 
(INTR = ISF. 
MASK. SfB • RD + OOF • MASK. ACK • WR) 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


TAHRL 
AO/CS Setup to INTA J, 
0 
ns 


TRHAX 
AO/CS Hold after INTA t 
0 
ns 


TRLRH 
RD/INTA 
Pulse Width 
120 
ns 


TJLJH 
Interrupt 
Request Width (Low) 
100 


I 
ns 
(Note 1) 


TCVIAL 
Cascade 
Setup to Second or Third 
40 
ns 


INTA J, (Slave Only) 


TRHRL 
End of INTA to next INTA within 
160 
ns 


an INTA sequence 
only 


TCHCL 
End of Command 
to next Command 
250 
ns 


(Not same command 
type) 


End of INTA sequence 
to next 
~ 


INTA sequence 
(Note 2) 


NOTES: 
1. This is the low time required to clear the input latch in the edge triggered mode. 
2. Worst case timing for TCHCL in an actual microprocessor system is typically much greater than 400 ns (i.e. 8085A = 
1.6 ".S, 8085-A2 = 1 ".S, 80C86 = 1 ".S. 80C86-2 = 625 ns). 


Symbol 
Parameter 
Mln 
Max 
Units 


TRLDV 
Data Valid from INTA J, 
120 
ns 


TRHDZ 
Data Float after INTA t 
10 
85 
ns 


TJHIH 
Interrupt Output Delay 
300 
ns 


TIALCV 
Cascade 
Valid from First INTA J, 
360 
ns 
(Master Only) 


TRLEL 
Enable Active from RD J, or INTA J, 
100 
ns 


TRHEH 
Enable Inactive from RD t or INTA t 
150 
ns 


TAHDV 
Data Valid from Stable Address 
(CS. AO, INT) 
200 
ns 


TCVDV 
Cascade 
Valid to Valid Data 
200 
ns 


cs 
ADDRESSBUS 


"0 
TRLDV-=! 


DATABUS. 
~A~~~ 
~::::::::::::::::::::_ 


INTA~ 
C ~ 
r- 


--- 
TRHRL-----l.--- 


INTAWR~ 
.••------- 
•••C 


TCHCL=1 
r- 


---->-- 


NOTES: 
1. Interrupt 
request 
must remain 
HIGH at least until leading 
edge of first INTA. 
2. Cycle 
1 in S0C86 and SOC8S systems, 
the Data Bus is not active. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


tEHEL 
External Frequency 
HIG.H Time 
13 
ns 
90%-90% 
VIN 


tELEH 
External Frequency 
lOW 
Time 
13 
ns 
10%-10% 
VIN 


tELEL 
EFI Period 
41.6 
ns 


XTAl 
Frequency 
8 
24 
MHz 


tRWCL 
RDY1, RDY2 Active Setup to ClK 
35 
ns 
ASYNC = HIGH 


tRWCH 
RDY1, RDY2 Active Setup to ClK 
35 
ns 
ASYNC = lOW 


tRWCL 
RDY1, RDY2 Inactive Setup to ClK 
35 
ns 


teLR1X 
RDY1, RDY2 Hold to ClK 
0 
ns 


tAYVCL 
ASYNC Setup to ClK 
50 
ns 


teLAYX 
ASYNC Hold to ClK 
0 
ns 


tA1VRW 
AEN1, AEN2 Setup to RDY1, RDY2 
15 
ns 


teLA1X 
AEN1, AEN2 Hold to ClK 
0 
ns 


tYHEH 
CSYNC Setup to EFI 
20 
ns 


" 


tEHYL 
CSYNC Hold to EFI 
10 
ns 


tYHYL 
CSYNCWidth 
2· 
tELEL 
- 
ns 


tl1HCL 
RES Setup to ClK 
(Note 3) 
65 
ns 
(Note 2) 


teU1H 
RES Hold to ClK 
20 
ns 
(Note 2) 


tlUH 
Input Rise Time 
.. 
20 
ns 
(Note 1) 


tlHIL 
Input Fall Time 
12 
ns 
(Note 1) 


NOTES: 
1. Transition 
between 
O.BV and 2.0V. 
2. Setup 
and hold necessary 
ot'1ILto guarantee 
recognition 
at next clock. 


3. For system 
reset, period 
of Rl:S pulse must be at least 50 "'S during or after power-on. 
Subsequent 
reset pulse should 
be 
500 ns min. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


teLCL 
ClK 
Cycle Period 
125 
ns 


teHCL 
ClK 
HIGH Time 
(1/3 teLCU + 2 
ns 


teLCH 
ClKlOWTime 
(%teLCU 
-15 
ns 


teH1CH2 
ClK 
Rise or Fall Time 
10 
ns 
1.0Vto 
3.5V 


teL2CL1 


tpHPL 
PClK 
HIGH Time 


c 
teLCL - 
20 
ns 


tPLPH 
PClK 
lOW 
Time 
teLCL - 
20 
ns 


tRYLCL 
Ready Inactive to 
-8 
ns 


ClK 
(Note 2) 


tRYHCH 
Ready Active to ClK 
(%teLCU 
- 
15 
ns 


(Note 1) 


teUL 
ClK 
to Reset Delay 
40 
ns 


teLPH 
ClK 
to PClK 
HIGH DELAY 
22 
ns 


teLPL 
ClK 
to PClK 
lOW 
Delay 
22 
ns 


toLCH 
OSC to ClK 
HIGH Delay 
-5 
22 
ns 


toLCL 
OSC to ClK 
lOW 
Delay 
2 
35 
ns 


toLOH 
Output Rise Time 
20 
ns 
Except ClK 
(expect ClK) 
from 0.8V to 2.0V 


toHOL 
Output Fall Time 
12 
ns 
Expect ClK 
(expect ClK) 
,- 
from 2.0V to 0.8V 


NOTES: 
1. Applies 
only to T3 and TW states. 
2. Applies 
only to T2 states. 


inter 


NOTE: 
All timing 
measurements 
are made at 1.5V unless 
otherwise 
noted. 


___________ 
Jt 
RYHCH 


READY 
_ 


__________ 
JIRYHCH 


READY 
_ 


2.4V 


1.5V (1) 


O.45V 


2.4V 


2.0V 
2.0V 


- 
TEST POINTS--+ 
1.5V(I) 


O.8V 
O.8V 
O.45V 


240014-12 


A.C. Testing: All input signals must switch between 0.45V and 
2.4V. TRISE and TFallmust be " 15 ns. Only ClK measurements 
are made at 1.5V. 


Cl = 100 pF for ClK 
Cl = 3D pF for READY, PClK, RESET, OSC 
Cl = 150 pF for other outputs 


Xl 
ClK 


24MHz CJ 
X2 


r 


C 


' r 


C 


> 


Fie 


CSYNC 


NOTE: 
1. Cl = 100 pF 


NOTES: 
1. CL = 100 pF 
2. CL = 30 pF 


RDY2 
OSC 


FIC 


AEN2 


CSYNC 


F/~ 
A£R1 


RDY2 
JEm 


CSYNC 
READY 


80286 Microprocessor 
Family 
3 


80286 


High Performance 
Microprocessor 


with Memory Management and Protection 
(80286-12, 80286-10, 80286-8, 80286-6) 


• 
High Performance Processor (Up to six 
• 
Two 8086 Upward Compatible 
times 8086) 
Operating Modes: 


• 
Large Address Space: 
- 
8086 Real A~dress Mode 
-16 
Megabytes Physical 
- 
Protected Virtual Address Mode 
- 
1 Gigabyte Virtual per Task 
• 
Range of Clock Rates 


• 
Integrated Memory Management, Four- 
-12.5 
MHz for 80286·12 
Level Memory Protection and Support 
-10 
MHz for 80286-10 


for Virtual Memory and Operating 
- 
8 MHz for 80826-8 


Systems 
- 
6 MHz for 80286-6 


• 
High Bandwidth Bus Interface 
• 
Complete System Development 
(125 Megabyte/See) 
Support: 
. 
- 
Development Software: Assembler, 
• 
Industry Standard O.S. Support: 
PL/M, Pascal, FORTRAN, and System 
- 
iRMX® 
Utilities 


- 
XENIX· 
-In-Clrcult-Emulator 
(ICETM·286) 
-UNIX· 
. 
_ MS-DOS. 
• 
Available In 68 Pin Ceramic LCC 
(Leadless Chip Carrier), PGA (Pin Grid 
• 
Optional Processor Extension: 
Array), and PLCC (Plastic Leaded Chip 
- 
80287 High Performance 80-blt 
Carrier) Packages 


Numeric Data Processor 
(See 
Packaging 
Spec., 
Order 
#231369) 


The 80286 is an advanced, 
high-performance 
microprocessor 
with specially 
optimized 
capabilities 
for multiple 
user and multi-tasking 
systems. 
The 80286 has built-in memory protection 
that supports 
operating 
system and 
task i!jolation 
as well as program 
and data privacy within tasks. A 10 MHz 80286 
provides 
five times or more 
throughput 
than the standard 
5 MHz 8086. The 80286 includes 
memory 
management 
capabilities 
that map 230 
(one gigabyte) 
of virtual address 
space per task into 224 bytes (16 megabytes) 
of physical 
memory. 


The 80286 
is upward 
compatible 
with 8086 and 88 software. 
Using 8086 
real address 
mode, 
the 80286 
is 
object code compatible 
with existing 8086, 88 software. 
In protected 
virtual address 
mode, the 80286 is source 
code compatible 
with 8086, 88 software 
and may require upgrading 
to use virtual addresses 
supported 
by the 
80286's 
integrated 
memory 
management 
and protection 
mechanism. 
Both modes 
operate 
at full 80286 
per- 
formance 
and execute 
a superset 
of the 8086 and 88 instructions. 


The 80286 
provides 
special 
operations 
to support 
the efficient 
implementation 
and execution 
of operating 
systems. 
For example, 
one instruction 
can end execution 
of one task, save its state, switch to a new task, load 
its state, and start execution 
of the new task. The 80286 also supports 
virtual memory 
systems 
by providing 
a 
segment-not-present 
exception 
and restartable 
instructions. 


'XENIX 
and MS-DOS 
are trademarks 
of Microsoft 
Corp. 
'UNIX 
is a trademark 
of Bell Labs or AT&T 
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52 
CAP 


53 
ERROR 


54 
BUSY 
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Table 
1. Pin Description 


The following 
pin function 
descriptions 
are for the 80286 
microprocessor: 


Symbol 
Type 
Name and Function 


CLK 
I 
SYSTEM 
CLOCK 
provides 
the fundamental 
timing for 80286 systems. 
It is divided 
by two 


inside the 80286 to generate 
the processor 
clocR. The internal 
divide-by-two 
circuitry 
can 


be synchronized 
to an external 
clock generator 
by a LOW to HIGH transition 
on the RESET 
input. 


015-00 
I/O 
DATA BUS inputs data during memory, 
I/O, and interrupt 
acknowledge 
read cycles; 


outputs 
data during memory 
and I/O write cycles. The data bus is active HIGH and floats to 
3-state OFF during bus hold acknowledge. 


A23-Ao 
a 
ADDRESS 
BUS outputs 
physical 
memory 
and I/O port addresses. 
AO is LOW when data is 
to be transferred 
on pins 07-0. 
A23-A16 
are LOW during I/O transfers. 
The address 
bus is 
active HIGH and floats to 3-state 
OFF during bus hold acknowledge. 


BHE 
a 
BUS HIGH ENABLE 
indicates 
transfer 
or data on the upper byte of the data bus. 015-8. 


§9!'.t-bit 
oriented 
devices 
assigned 
to t~per 
byte of the data bus would normally 
use 


BHE to condition 
chip select functions. 
BHE is active LOW and floats to 3-state 
OFF during 


bus hold acknowledge. 


BHE and AO Encodlngs 


BHE Value 
AOValue 
Function 
0 
0 
Word transfer 
0 
1 
Byte transfer 
on upper half of data bus (015-08) 


1 
0 
Byte transfer 
on lower half of data bus (07 -0) 


1 
1 
Will never occur 


S1,SO 
a 
BUS CYCLE 
STATUS 
indicates 
initiation 
of a bus cycle and, along with M/IO 
and COOl 
INTA, defines 
the type of bus cycle. The bus is in a Ts state whenever 
one or both are LOW, 


S1 and SO are active LOW and float to 3-state 
OFF during bus hold acknowledge. 


80286 
Bus Cycle Status 
Definition 


COD/INTA 
M/IO 
S1 
SO 
Bus Cycle 
Initiated 


o (LOW) 
0 
0 
0 
Interrupt 
acknowledge 


I 
0 
0 
0 
1 
Will not occur 
, 
0 
0 
1 
0 
Will not occur 
0 
f 
0 
1 
1 
None; not a status cycle 
0 
1 
0 
0 
IF A1 = 1 then halt; else shutdown 
0 
1 
0 
1 
Memory 
data read 
0 
1 
1 
0 
Memory 
data write 


I- 
0 
1 
1 
1 
None; not a status cycle 
1 (HIGH) 
0 
0 
0 
Will not occur 
1 
0 
0 
1 
I/O read 


1 
0 
1 
0 
I/O write 


1 
0 
1 
1 
None; not a status cycle 
1 
1 
0 
0 
Will not occur 
1 
1 
0 
1 
Memory 
instruction 
read 
1 
1 
1 
0 
Will not occur 
1 
1 
1 
1 
None; not a status cycle 


M/IO 
a 
MEMORY 
I/O SELECT 
distinguishes 
memory 
access 
from I/O access. 
If HIGH during Ts, a 


memory 
cycle or a halt/shutdown 
cycle is in progress. 
If LOW, an I/O cycle or an interrupt 
acknowledge 
cycle is in progress. 
M/iO 
floats to 3-state 
OFF during bus hold acknowledge. 


COO/INTA 
a 
CODE/INTERRUPT 
ACKNOWLEDGE 
distinguishes 
instruction 
fetch cycles from memory 
data read cycles. Also distinguishes 
interrupt 
acknowledge 
cycles from I/O cycles. 
COOl 
INTA floats to 3-state 
OFF during bus hold acknowledge. 
Its timing is the same as M/IO. 


LOCK 
a 
BUS LOCK indicates 
that other system 
bus masters 
are not to gain control 
of the system 
bus for the current 
and the following 
bus cycle. The LOCK signal may be activated 
explicitly 
by the "LOCK" 
instruction 
prefiX or automatically 
by 80286 hardware 
during memory 
XCHG 
instructions, 
interrupt 
acknowledge, 
or descriptor 
table access. 
LOCK is active 
LOW and 
floats to 3-state 
OFF during bus hold acknowledge. 


READY 
I 
BUS READY terminates 
a bus cycle. Bus cycles are extended 
without 
limit until terminated 
by READY 
LOW. READY is an active LOW synchronous 
input requiring 
setup and hold 
times relative to the system 
clock be met for correct 
operation. 
READY is ignored 
during 
bus hold acknowledge. 


Symbol 
Type 
Name and Function 


HOLD 
I 
BUS HOLD REQUEST 
AND HOLD ACKNOWLEDGE 
control 
ownership 
of 
HLDA 
a 
the 80286 
local bus. The HOLD input allows another 
local bus master to 


request 
control 
of the local bus. When control 
is granted, 
the 80286 will float 


its bus drivers to 3-state 
OFF and then activate 
HLDA, thus entering 
the bus 


hold acknowledge 
condition. 
The local bus will remain granted 
to the 


requesting 
master 
until HOLD becomes 
inactive 
which results 
in the 80286 


deactivating 
HLDA and regaining 
control 
of the local bus. This terminates 
the 


bus hold acknowledge 
condition. 
HOLD may be asynchronous 
to the system 


clock. These 
signals are active HIGH. 


INTR 
I 
INTERRUPT 
REQUEST 
requests 
the 80286 to suspend 
its current 
program 


execution 
and service 
a pending 
external 
request. 
Interrupt 
requests 
are 


masked 
whenever 
the interrupt 
enable bit in the flag word is cleared. 
When 


the 80286 responds 
to an interrupt 
request, 
it performs 
two interrupt 


acknowledge 
bus cycles to read an 8-bit interrupt 
vector 
that identifies 
the 


source of the interrupt. 
To assure program 
interruption, 
INTR must remain 


active until the first interrupt 
acknowledge 
cycle is completed. 
INTR is 


sampled 
at the beginning 
of each processor 
cycle and must be active 
HIGH 


at least two processor 
cycles before the current 
instruction 
ends in order to 


interrupt 
before the next instruction. 
INTR is level sensitive, 
active HIGH, and 


may be asynchronous 
to the system clock. 


NMI 
I 
NON·MASKABLE 
INTERRUPT 
REQUEST 
interrupts 
the 80286 with an 


internally 
supplied 
vector value of 2. No interrupt 
acknowledge 
cycles 
are 


performed. 
The interrupt 
enable bit in the 80286 flag word does not affect this 


input. The NMI input is active 
HIGH. may be asynchronous 
to the system 


clock, and is edge triggered 
after internal 
synchronization. 
For proper 


recognition, 
the input must have been previously 
LOW for at least four system 


clock cycles and remain HIGH for at least four system clock cycles. 


PEREa 
I 
PROCESSOR 
EXTENSION 
OPERAND 
REQUEST 
AND ACKNOWLEDGE 


PEACK 
a 
extend the memory 
management 
and protection 
capabilities 
of the 80286 to 


processor 
extensions. 
The PEREQ input requests 
the 80286 to perform 
a 


data operand 
transfer 
for a processor 
extension. 
The PEACK output signals 


the processor 
extension 
when the requested 
operand 
is being transferred. 


PEREQ is active HIGH and floats to 3-state 
OFF during bus hold 


acknowledge. 
PEACK may be asynchronous 
to the system 
clock. 
PEACK is 


active 
LOW. 


BUSY 
I 
PROCESSOR 
EXTENSION 
BUSY AND ERROR 
indicate 
the werating 


ERROR 
I 
condition 
of a processor 
extension 
to the 80286. 
An active BU 
Y input stops 


80286 program 
execution 
on WAIT and some ESC instructions 
until BUSY 


becomes 
inactive 
(HIGH). The 80286 
may be interrupted 
while waiting 
for 


BUSY to become 
inactive. 
An active ERROR 
input causes the 80286 to 


perform 
a processor 
extension 
interrupt 
when executing 
WAIT or some ESC 


instructions. 
These 
inputs are active 
LOW and may be asynchronous 
to the 


system clock. These inputs have internal 
pull-up resistors. 


inter 


Symbol 
Type 
Name and Function 


RESET 
I 
SYSTEM 
RESET clears the internal 
logic of the 80286 and is active 
HIGH. 
The 80286 may be reinitialized 
at any time with a LOW to HIGH transition 
on 
RESET which remains 
active for more than 16 system clock cycles. 
During 
RESET active, the output pins of the 80286 enter the state shown below: 


80286 
Pin State During Reset 


Pin Value 
Pin Names 


1 (HIGH) 
SO, S1, PEACK, A23-AO, 
SHE, LOCK 
o (LOW) 
MIlO, COD/INTA, 
HLDA (Note 1) 
3-stateOFF 
015-00 


Operation 
of the 80286 begins after a HIGH to LOW transition 
on RESET. 


The HIGH to LOW transition 
of RESET must be synchronous 
to the system 
clock. Approximately 
38 CLK cycles from the trailing edge of RESET are 
required 
by the 80286 for internal 
initialization 
before the first bus cycle, to 
fetch code from the power-on 
execution 
address, 
occurs. 
A LOW to HIGH transition 
of RESET synchronous 
to the system clock will 
end a processor 
cycle at the second 
HIGH to LOW transition 
of the system 
clock. The LOW to HIGH transition 
of RESET may be asynchronous 
to the 
system clock; 
however, 
in this case it cannot 
be predetermined 
which 
phase 
of the processor 
clock will occur during the nex1 system clock period. 
Synchronous 
LOW to HIGH transitions 
of RESET are required 
only for 
systems 
where the processor 
clock must be phase synchronous 
to another 
clock. 


Vss 
I 
SYSTEM 
GROUND: 
0 Volts. 


Vcc 
I 
SYSTEM 
POWER: + 5 Volt Power Supply. 


CAP 
I 
SUBSTRATE 
FILTER 
CAPACITOR: 
a 0.047 I-'F ± 20% 
12V capacitor 
must 
be connected 
between 
this pin and ground. 
This capacitor 
filters the output 
of 
the internal 
substrate 
bias generator. 
A maximum 
DC leakage 
current 
of 1 I-'A 
is allowed 
through 
the capacitor. 
For correct 
operation 
of the 80286, the substrate 
bias generator 
must charge 
this capacitor 
to its operating 
voltage. 
The capacitor 
chargeup 
time is 5 
milliseconds 
(max.) after Vcc and CLK reach their specified 
AC and DC 
parameters. 
RESET may be applied 
to prevent 
spurious 
activity 
by the CPU 
during this time. After this time, the 80286 processor 
clock can be 
synchronized 
to another 
clock by pulsing 
RESET LOW synchronous 
to the 
system 
clock. 


NOTE: 
1. HLDA 
is only Low if HOLD 
is inactive 
(Low). 


inter 


The 80286 is an advanced, high-performance micro- 
processor with specially optimized capabilities for 
multiple user and multi-tasking systems. Depending 
on the application, an 8 MHz 80286's performance 
is up to six times faster than the standard 5 MHz 
8086's, while providing complete upward software 
compatibility with Intel's 8086, 88, and 186 family of 
CPU's. 


The 80286 operates in two modes: 8086 real ad- 
dress mode and protected virtual address mode. 
Both modes execute a superset of the 8086 and 88 
instruction set. 


In 8086 real address mode programs use real ad- 
dresses with up to one megabyte of address space. 
Programs use virtual addresses in protected virtual 
address mode, also called protected mode. In pro- 
t~cted mode, ~he80286 CPU automatically maps 1 
gigabyte of Virtual addresses per task into a 16 
":,egabyte real address space. This mode also pro- 
vides memory protection to isolate the operating 
system and ensure privacy of each tasks' programs 
and data. Both modes provide the same base in- 
struction set, registers, and addressing modes. 


The following Functional Description describes first, 
the 
base 
80286 
architecture 
common 
to 
both 


modes, second, 8086 real address mode, and third, 
protected mode. 


The 8086, 88, 186, and 286 CPU family all contain 
the same basic set of registers, instructions, and 


1&-81T 


REGISTER 


NAME 


BYTE 


ADDRESSABLE 


(e-BIT 


REGISTER 
NAMES 
SHOWN) 


AH 
AL 
I 


DH 
DL 
I 


CH 
CL 


BH 
BL 


) 


addressing modes. The 80286 processor is upward 
compatible with the 8086, 8088, and 80186 CPU's. 


Register Set 


The 80286 base architecture has fifteen registers as 
shown in Figure 3. These registers are grouped into 
the following four categories: 


Ge~eral 
Registers: 
Eight 16-bit general purpose 


registers used to contain arithmetic and logical oper- 
ands. Four of these (AX, BX, CX, and OX) can be 
~sed e!ther in their entirety as 16-bit words or split 
Into pairs of separate 8-bit registers. 


Se~ment 
Registers: 
Four 16-bit special purpose 


registers select, at any given time, the segments of 
memory that are immediately addressable for code, 
stack, and data. (For usage, refer to Memory Organi- 
zation.) 


Base and Index Registers: 
Four of the general pur- 


pose registers may also be used to determine offset 
addresses.of operands in memory. These registers 
may contain base addresses or indexes to particular 
locations within a segment. The addressing mode 
determines the specific registers used for operand 
address calculations. 


Status and Control 
Registers: 
The 3 16-bit special 


purpose registers in figure 3A record or control cer- 
tain aspect~ of th~ 80286.processor state including 
the Instruction POinter,which contains the offset ad- 
dress of the next sequential instruction to be execut· 
ed. 


SPECIAL 


REGISTER 
'5 


FUNCTIONS 


~ 


cs 
CODE 
SEGMENT 
SELECTOR 


OS 
DATA SEGMENT 
SELECTOR 
MULTIPLY/DIVIDE 
I/O INSTRUCTIONS 
ss 
STACK 
SEGMENT 
SELECTOR 


LOOP/SHIFT IREPEAT ICOUNT 


ES 
EXTRA 
SEGMENT 
SELECTOR 


SEGMENT 
REGISTERS 


BASE REGISTERS 


15 
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STATUS 
WORD 


INDEX 
REGISTERS 


IP 
INSTRUCTION 
POINTER 


STACK 
POINTER 
STATUS AND CONTROL 


REGISTERS 


Figure 3. Register 
Set 
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Figure 
3a. Status 
and Control 
Register 
Bit Functions 


Table 2. Flags Word 
Bit Functions 


The Flags word (Flags) records 
specific 
characteris- 


tics of the result of logical and arithmetic 
instructions 


(bits 0, 2, 4, 6, 7, and 11) and controls 
the operation 
of the 80286 
within 
a given operating 
mode 
(bits 8 
and 9). Flags is a 16-bit register. 
The function 
of the 


flag bits is given in Table 2. 


The instruction 
set is divided 
into seven categories: 


data 
transfer, 
arithmetic, 
shift/rotate/logical, 
string 
manipulation, 
control 
transfer, 
high 
level 
instruc- 


tions, 
and processor 
control. 
These 
categories 
are 


summarized 
in Figure 4. 


An 80286 instruction 
can reference 
zero, one, or two 
operands; 
where an operand 
resides in a register, 
in 


the instruction 
itself, or in memory. 
Zero-operand 
in- 


structions 
(e.g. NOP and HLT) are usually one by1e 


long. One-operand 
instructions 
(e.g. lNC and DEe) 
are usually two by1es long but some are encoded 
in 
only one by1e. One-operand 
instructions 
may refer- 
ence 
a register 
or memory 
location. 
Two-operand 


instructions 
permit the following 
six types of instruc- 
tion operations: 


-Register 
to Register 


-Memory 
to Register 


-Immediate 
to Register 


-Memory 
to Memory 


-Register 
to Memory 


-Immediate 
to Memory 


Bit 
Name 
Function 
Position 


0 
CF 
Carry Flag-Set 
on high-order 
bit 


carry or borrow; 
cleared 
otherwise 


2 
PF 
Parity Flag-5et 
if low-order 
8 bits 


of result contain 
an even number 
of 


1-bits; cleared 
otherwise 


4 
AF 
Set on carry from or borrow to the 
low order four bits of AL; cleared 
otherwise 
6 
ZF 
Zero Flag-Set 
if result is zero; 


cleared 
otherwise 


7 
SF 
Sign Flag-5et 
equal to high-order 


bit of result (0 if positive, 
1 if negative) 


11 
OF 
Overflow 
Flag-5et 
if result is a too- 


large positive 
number 
or a too-small 


negative 
number 
(excluding 
sign-bit) 


to fit in destination 
operand; 
cleared 


otherwise 


8 
TF 
Single Step Flag-Once 
set, a sin- 


gle step interrupt 
occurs 
after the 


next instruction 
executes. 
TF is 


cleared 
by the single step interrupt. 


9 
IF 
Interrupt-enable 
Flag-When 
set, 


maskable 
interrupts 
will cause the 


CPU to transfer 
control 
to an inter- 


rupt vector 
specified 
location. 


10 
OF 
Direction 
Flag-Causes 
string 


instructions 
to auto decrement 


the appropriate 
index registers 


when set. Clearing 
OF causes 


auto increment. 


Two-operand instructions (e.g. MOV and ADD) are 
usually three to six bytes long. Memory to memory 
operations are provided by a special class of string 
instructions requiring one to three bytes. For de- 
tailed instruction formats and encodings refer to the 
instruction set summary at the end of this document. 


For detailed operation and usage of each instruc- 
tion, see Appendix of 80286 Programmer's Refer- 
ence Manual (Order No. 210498) 


GENERAL 
PURPOSE 


MOV 
Move byte or word 


PUSH 
Push word onto stack 


POP 
Pop word off stack 


PUSHA 
Push all registers 
on stack 


POPA 
Pop all registers 
from stack 


XCHG 
Exchange 
byte or word 


XLAT 
Translate 
byte 


INPUT IOUTPUT 


IN 
Input byte or word 


OUT 
Output 
byte or word 


ADDRESS 
OBJECT 


LEA 
Load effective 
address 


LDS 
Load pointer 
using DS 


LES 
Load pointer 
using ES 


FLAG TRANSFER 


LAHF 
Load AH register 
from flags 


SAHF 
Store AH register 
in flags 


PUSHF 
Push flags onto stack 


POPF 
Pop flags off stack 


MOVS 
Move byte or word string 


INS 
Input bytes or word string 


OUTS 
Output 
bytes or word string 


CMPS 
Compare 
byte or word string 


SCAS 
Scan byte or word string 


LODS 
Load byte or word string 


STOS 
Store byte or word string 


REP 
Repeat 


REPE/REPZ 
Repeat 
while equal/zero 


REPNE/REPNZ 
Repeat while not equal/not 
zero 


ADDITION 


ADD 
Add byte or word 


ADC 
Add byte or word with carry 


INC 
Increment 
byte or word by 1 


AAA 
ASCII adjust for addition 


DAA 
Decimal 
adjust for addition 


SUBTRACTION 


SUB 
Subtract 
byte or word 


SBB 
Subtract 
byte or word with borrow 


DEC 
Decrement 
byte or word by 1 


NEG 
Negate 
byte or word 


CMP 
Compare 
byte or word 


AAS 
ASCII adjust for subtraction 


DAS 
Decimal 
adjust for subtraction 


MULTIPLICATION 


MUL 
Multiple 
byte or word unsigned 


IMUL 
Integer 
multiply 
byte or word 


AAM 
ASCII adjust for multiply 


DIVISION 


DIV 
Divide byte or word unsigned 


IDIV 
Integer divide byte or word 


AAD 
ASCII adjust for division 


CBW 
Convert 
byte to word 


CWD 
Convert 
word to doubleword 


LOGICALS 


NOT 
"Not" 
byte or word 


AND 
"And" 
byte or word 


OR 
"Inclusive 
or" byte or word 


XOR 
"Exclusive 
or" byte or word 


TEST 
"Test" 
byte or word 


SHIFTS 


SHLISAL 
Shift logical/ 
arithmetic 
left byte or word 


SHR 
Shift logical right byte or word 


SAR 
Shift arithmetic 
right byte or word 


ROTATES 


ROL 
Rotate 
left byte or word 


ROR 
Rotate 
right byte or word 


RCL 
Rotate through 
carry left byte or word 


RCR 
Rotate through 
carry right byte or word 


inter 


CONDITIONAL 
TRANSFERS 
UNCONDITIONAL 
TRANSFERS 


JAlJNBE 
Jump if above/not 
below nor equal 
CALL 
Call procedure 


JAE/JNB 
Jump if above or equal/not 
below 
RET 
Return from procedure 


JB/JNAE 
Jump if below/not 
above nor equal 
JMP 
Jump 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 
ITERATION 
CONTROLS 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 
LOOP 
Loop 


JGE/JNL 
Jump if greater 
or equal/not 
less 
LOOPE/LOOPZ 
Loop if equal/zero 


JL/JNGE 
Jump if less/not 
greater 
nor equal 
LOOPNE/LOOPNZ 
Loop if not equal/ not zero 


JLE/JNG 
Jump if less or equal/not 
greater 
JCXZ 
Jump if register 
CX = 0 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 
INTERRUPTS 
, 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 
INT 
Interrupt 


JNS 
Jump if not sign 
INTO 
Interrupt 
if overflow 


JO 
Jump if overflow 
IRET 
Interrupt 
return 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if sign 


FLAG OPERATIONS 


STC 
Set carry flag 


CLC 
Clear carry flag 


CMC 
Complement 
carry flag 


STD 
Set direction 
flag 


CLD 
Clear direction 
flag 


STI 
Set interrupt 
enable flag 


CLI 
Clear interrupt 
enable flag 


EXTERNAL 
SYNCHRONIZATION 


HLT 
Halt until interrupt 
or reset 


WAIT 
Wait for BUSY not active 


ESC 
Escape to extension 
processor 


LOCK 
Lock bus during next instruction 


NO OPERATION 


NOP 
No operation 


EXECUTION 
ENVIRONMENT 
CONTROL 


LMSW 
Load machine 
status word 


SMSW 
I 
Store machine 
status word 


ENTER 
Format stack for procedure 
entry 


LEAVE 
Restore 
stack for procedure 
exit 


BOUND 
Detects 
values outside 
prescribed 
range 


Memory is organized as sets of variable length seg- 
ments. Each segment is a linear contiguous se- 
quence of up to 64K (216) 8-bit bytes. Memory is 
addressed using a two component address (a point- 
er) that consists of a 16-bit segment selector, and a 
16-bit offset. The segment selector indicates the de- 
sired segment in memory. The offset component in- 
dicates the desired byte address within the segment. 
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32·BIT 
POINTER 
~ 


I 
SEGMENT 
I 
OFFJlET 
I 


I 


.. 
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OPERAND 
SELECTED 


"- 
~ 


Memory 
Segment 
Register 
Implicit 
Segment 


Reference 
Needed 
Used 
Selection 
Rule 


Instructions 
Code (CS) 
Automatic 
with instruction 
prefetch 


Stack 
Stack (SS) 
All stack pushes 
and pops. Any memory 
reference 
which 
uses BP 


as a base register. 


Local Data 
Data (DS) 
All data references 
except 
when relative 
to stack or 


string destination 


External 
(Global) 
Data 
Extra (ES) 
Alternate 
data segment 
and destination 
of string operation 


All instructions that address operands in memory 
must specify the segment and the offset. For speed 
and compact instruction encoding, segment selec- 
tors are usually stored in the high speed segment 
registers. An instruction need specify only the de- 
sired segment register and an offset in order to ad- 
dress a memory operand. 


Most instructions need not explicitly specify which 
segment register is used. The correct segment reg- 
ister is automatically chosen according to the rules 
of Table 3. These rules follow the way programs are 
written (see Figure 6) as independent modules that 
require areas for code and data, a stack, and access 
to external data areas. 


Special segment override instruction prefixes allow 
the implicit segment register selection rules to be 
overridden for special cases. The stack, data, and 
extra segments may coincide for simple programs. 
To access operands not residing in one of the four 
immediately available segments, a full 32-bit pointer 
or a new segment selector must be loaded. 


The 80286 provides a total of eight addressing 
modes for instructions to specify operands. Two ad- 
dressing modes are provided for instructions that 
operate on register or immediate operands: 


Register 
Operand 
Mode: The operand is locat- 


ed in one of the 8 or 16-bit general registers. 


Immediate 
Operand 
Mode: The operand is in- 


cluded in the instruction. 


Six modes are provided to specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: seg- 
ment selector and offset. The segment selector is 
supplied by a segment register either implicitly cho- 
sen by the addressing mode or explicitly chosen by 
a segment override prefix. The offset is calculated 
by summing any combination of the following three 
address elements: 


the displacement 
(an 8 or 16-bit immediate val- 


ue contained in the instruction) 
the base (contents of either the BX or BP base 
registers) 
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Figure 6. Segmented 
Memory 
Helps 


Structure 
Software 


the index (contents of either the SI or DI ~ndex 
registers) 


Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 


Combinations of these three address elements de- 
fine the six memory addressing modes, described 
below. 


Direct 
Mode: The operand's offset is contained in 


the instruction as an 8 or 16-bit displacement ele- 
ment. 


Register 
Indirect 
Mode: The operand's offset is in 


one of the registers SI, Dl, BX, or BP. 


Based Mode: The operand's offset is the sum of an 
8 or 16-bit displacement and the contents of a base 
register (BX or BP). 


Indexed Mode: The operand's offset is the sum of 
an 8 or 16-bit displacement and the contents of an 
index register (51 or 01). 


Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 


Based Indexed Mode with Displacement: The op- 
erand's offset is the sum of a base register's con· 
tents, an index register's contents, and an 8 or 16·bit 
displacement. 


Data Types 


The 80286 directly supports the following data 
types: 


Integer: 
A signed binary numeric value con· 
tained in an 8·bit byte or a 16·bit 
word. All operations assume a 2's 
complement representation. Signed 
32 and 64·bit integers are supported 
using the Numeric Data Processor, 
the 80287. 


Ordinal: 
An unsigned binary numeric value 
contained in an 8·bit byte or 16-bit 
word. 


Pointer: 
A 32-bit quantity, composed of a 
segment selector component and an 
offset component. Each component 
is a 16·bit word. 
String: 
A contiguous sequence of bytes or 
words. A string may contain from 1 
byte to 64K bytes. 
ASCII: 
A byte representation of alphanu- 
meric and control characters using 
the ASCII standard of character rep· 
resentation. 


BCD: 
A byte (unpacked) representation of 
the decimal digits 0-9. 
Packed BCD: 
A byte (packed) representation of 
two decimal digits 0-9 
storing one 
digit in each nibble of the byte. 
Floating Point: A signed 32, 64, or 80·bit real num· 
ber representation. (Floating point 
operands are supported using the 
80287 Numeric Processor). 


Figure 7 graphically represents the data types sup· 
ported by the 80286. 


The I/O space consists of 64K 8·bit or 32K 16·bit 
ports. I/O instructions address the I/O space with 


either an 8·bit port address, specified in the instruc· 
tion, or a 16·bit port address in the OX register. 8·bit 
port addresses are zero extended such that A1s-Aa 
are LOW. I/O 
port addresses 00F8(H) through 
OOFF(H)are reserved. 
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Interrupt 
Related 
Does Return Address 
Function 
Point to Instruction 
Number 
Instructions 
Causing Exception? 


Divide error exception 
0 
DIV,IDIV 
Yes 


Single step interrupt 
1 
All 


NMI interrupt 
2 
INT 2 or NMI pin 
. 


Breakpoint 
interrupt 
3 
INT3 


INTO detected 
overflow 
exception 
4 
INTO 
No 


BOUND range exceeded 
exception 
5 
BOUND 
Yes 


Invalid opcode 
exception 
6 
Any undefined 
opcode 
Yes 


Processor 
extension 
not available 
exception 
7 
ESC or WAIT 
Yes 


Intel reserved-do 
not use 
8-15 


Processor 
extension 
error interrupt 
16 
ESCorWAIT 


Intel reserved-do 
not use 
17-31 
.' 


User defined 
32-255 


An interrupt 
transfers 
execution 
to a new program 
location. 
The old program 
address 
(CS:IP) and ma- 
chine 
state 
(Flags) are saved on the stack to allow 
resumption 
of the interrupted 
program. 
Interrupts 
fall 
into three 
classes: 
hardware 
initiated, 
INT instruc- 
tions, and instruction 
exceptions. 
Hardware 
initiated 
interrupts 
occur in response 
to an external 
input and 
are classified 
as non-maskable 
or maskable. 
Pro- 
grams 
may cause 
an .interrupt 
with an INT instruc- 
tion. 
Instruction 
exceptions 
occur 
when 
an unusual 
condition, 
which 
prevents 
further 
instruction 
pro- 
cessing, 
is detected 
while attempting 
to execute 
an 
instruction. 
The 
return 
address 
from 
an exception 
will always 
point 
at the instruction 
causing 
the ex- 
ception 
and include 
any leading 
instruction 
prefixes. 


A table 
containing 
up to 256 
pointers 
defines 
the 
proper interrupt 
service routine for each interrupt. 
In- 
terrupts 
0-31, 
some 
of which 
are used for instruc- 
tion exceptions, 
are reserved. 
For each interrupt, 
an 
8-bit 
vector 
must 
be supplied 
to th,e 80286 
which 
identifies 
the 
appropriate 
table 
entry. 
Exceptions 
supply the interrupt 
vector internally. 
INT instructions 
contain 
or imply the vector 
and allow 
access 
to all 
256 
interrupts. 
Maskable 
hardware 
initiated 
inter- 
rupts supply 
the 8-bit vector 
to the CPU during 
an 
interrupt 
acknowledge 
bus sequence. 
Non-maska- 
ble hardware 
interrupts 
use a predefined 
internally 
supplied 
vector. 


The 80286 
provides 
a maskable 
hardware 
interrupt 
request 
pin, INTR. 
Software 
enables 
this 
input 
by 


setting 
the interrupt 
flag bit (IF) in the flag word. All 
224 user-defined 
interrupt 
sources 
can share this in- 
put, yet they can retain separate 
interrupt 
handlers. 


An 8-bit vector 
read by the CPU during the interrupt 
acknowledge 
sequence 
(discussed 
in System 
Inter- 
face section) 
identifies 
the source 
of the interrupt. 


Further 
maskable 
interrupts 
are disabled 
while serv- 
icing an interrupt 
by resetting 
the IF but as part of 
the response 
to an interrupt 
or exception. 
The saved 
flag word will reflect the enable status of the proces- 
sor prior to the interrupt. 
Until the flag word 
is re- 
stored 
to the flag register, 
the interrupt 
flag will be 
zero unless 
specifically 
set. The interrupt 
return 
in- 
struction 
includes 
restoring 
the 
flag 
word, 
thereby 
restoring 
the original 
status of IF. 


A non-maskable 
interrupt 
input (NMI) is also provid- 
ed. NMI has higher priority than INTR. A typical 
use 
of NMI would 
be to activate 
a power failure 
routine. 


The activation 
of this input causes 
an interrupt 
with 
an internally 
supplied 
vector 
value of 2. No external 
interrupt 
acknowledge 
sequence 
is performed. 


While 
executing 
the 
NMI 
servicing 
procedure, 
the 
80286 
will 
service 
neither 
further 
NMI 
requests, 
INTR 
requests, 
nor the 
processor 
extension 
seg- 
ment overrun interrupt 
until an interrupt 
return (IRET) 
instruction 
is executed 
or the CPU is reset. 
If NMI 
occurs while currently 
servicing 
an NMI, its presence 
will be saved 
for servicing 
after 
executing 
the first 
IRET instruction. 
IF is cleared 
at the beginning 
of an 
NMI interrupt 
to inhibit INTR interrupts. 


inter 


The 80286 has an internal interrupt that allows pro- 
grams to execute one instruction at a time. It is 
called the single step interrupt and is controlled by 
the single step flag bit (TF) in the flag word. Once 
this bit is set, an internal single step interrupt will 
occur after the next instruction has been executed. 
The interrupt clears the TF bit and uses an internally 
supplied vector of 1. The IRET instruction is used to 
set the TF bit and transfer control to the next instruc- 
tion to be single stepped. 


When simultaneous interrupt requests occur, they 
are processed in a fixed order as shown in Table 5. 
Interrupt processing involves saving the flags, return 
address, and setting CS:IP to point at the first in- 
struction of the interrupt handler. If other interrupts 
remain enabled they are processed before the first 
instruction of the current interrupt handler is execut- 
ed. The last interrupt processed is therefore the first 
one serviced. 


Table 5. Interrupt Processing Order 


Order 
Interrupt 


1 
Instruction 
exception 


2 
Single step 
3 
NMI 


4 
Processor 
extension 
segment 
overrun 


5 
INTR 


6 
INT instruction 


Processor initialization or start up is accomplished 
by driving the RESET input pin HIGH. RESET forces 
the 80286 to terminate all execution and local bus 
activity. No instruction or bus activity will occur as 
long as RESET is active. After RESET becomes in- 
active and an internal processing interval elapses, 
the 80286 begins execution in real address mode 
with the instruction at physical location FFFFFO(H). 
RESET also sets some registers to predefined val- 
ues as shown in Table 6. 


Table 6. 80286 Initial Register State after RESET 


Flag word 
0002(H) 


Machine 
Status Word 
FFFO(H) 


Instruction 
pointer 
FFFO(H) 


Code segment 
FOOO(H) 


Data segment 
OOOO(H) 


Extra segment 
OOOO(H) 


Stack segment 
OOOO(H) 


HOLD must not be active during the time from the 
leading edge of RESET to 34 CLKs after the trailing 
edge of RESET. 


Machine Status Word Description 
The machine status word (MSW) records when a 
task switch takes place and controls the operating 
mode of the 80286. It is a 16-bit register of which the 
lower four bits are used. One bit places the CPU into 
protected mode, while the other three bits, as shown 
in Table 7, control the processor extension interface. 
After RESET, this register contains FFFO(H)which 
places the 80286 in 8086 real address mode. 


Table 7. MSW Bit Functions 


Bit 
Name 
Function 
Position 


0 
PE 
Protected 
mode enable 
places the 


80286 into protected 
mode and cannot 


be cleared 
except 
by RESET. 


1 
MP 
Monitor 
processor 
extension 
allows 


WAIT instructions 
to cause a processor 


extension 
not present 
exception 


(number 
7). 


2 
EM 
Emulate 
processor 
extension 
causes 
a 


processor 
extension 
not present 


exception 
(number 
7) on ESC 


instructions 
to allow emulating 
a 


processor 
extension. 


3 
TS 
Task switched 
indicates 
the next 


instruction 
using a processor 
extension 


will cause exception 
7, allowing 
software 


to test whether 
the current 
processor 


extension 
context 
belongs 
to the current 


task. 


The LMSW and SMSW instructions can load and 
store the MSW in real address mode. The recom- 
mended use of TS, EM, and MP is shown in Table 8. 


Instructions 
TS 
MP 
EM 
Recommended 
Use 
Causing 
Exception 
7 


0 
0 
0 
Initial encoding 
after RESET. 80286 operation 
is identical 
to 8086, 88. 
None 


0 
0 
1 
No processor 
extension 
is available. 
Software 
will emulate 
its function. 
ESC 


1 
0 
1 
No processor 
extension 
is available. 
Software 
will emulate 
its function. 
The current 
ESC 
processor 
extension 
context 
may belong to another 
task. 


0 
1 
0 
A processor 
extension 
exists. 
None 


1 
1 
0 
A processor 
extension 
exists. The current 
processor 
extension 
context 
may belong to 
ESCor 
another 
task. The Exception 
7 on WAIT allows software 
to test for an error pending 
WAIT 
from a previous 
processor 
extension 
operation. 
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The HLT instruction stops· program execution and 
prevents the CPU from using the local bus until re- 
started. Either NMI, INTR with IF = 1, or RESETwill 
force the 80286 out of halt. If interrupted, the saved 
CS:IP will point to the next instruction after the HLT. 


The 80286 executes a fully upward-compatible su- 
perset of the 8086 instruction set in real address 
mode. In real address mode the 80286 is object 
code compatible with 8086 and 8088 software. The 
real address mode architecture (registers and ad- 
dressing modes) is exactly as described in the 
80286 Base Architecture section of this Functional 
Description. 
. 


Physical memory is a contiguous array of up to 
1,048,576 bytes (one megabyte) addressed by pins 
Ao through A19and BHE. A20through A23should be 
ignored. 


In real address mode physical memory is a contigu- 
ous array of up to 1,048,576 bytes (one megabyte) 
addressed by pins Ao through A19 and BHE. Ad- 
dress bits A20-A23 may not always be zero in real 
mode. A20-A23 should not be used by,the system 
while the 80286 is operating in Real Mode. 


The selector portion of a pointer is interpreted as the 
upper 16 bits of a 20-bit segment address. The lower 
four bits of the 20-bit segment address are always 
zero. Segment addresses, therefore, begin on multi- 
ples of 16 bytes. See Figure 8 for a graphic repre- 
sentation of address information. 


All segments in real address mode are 64K bytes in 
size and may be read, written, or executed. An ex- 
ception or interrupt can occur if data operands or 
instructions attempt to wrap around the end of a 
segment (e.g. a word with its low order byte at offset 
FFFF(H) and its high order byte at offset OOOO(H).If, 
in real address mode, the information contained in a 
segment does not use the full 64K bytes, the unused 
end of the segment may be overlayed by another 
segment to reduce physical memory requirements. 


Reserved Memory Locations 


The 80286 reserves two fixed areas of memory in 
real address mode (see Figure 9); system initializa- 


tion area and interrupt table area. Locations from 
addresses FFFFO(H) through 
FFFFF(H) are re- 


served for system initialization. Initial execution be- 
gins at location 
FFFFO(H). Locations 
OOOOO(H) 
through 003FF(H) are reserved for interrupt vectors. 


15 
0 
a 


---O-FF-S-E-T--I 
OFFSET 
ADDRESS 
------- 


Figure 8. 8086 Real Address Mode 
Address Calculation 


RESET 
BOOTSTRAP 
PROGRAM 
JUMP 


~~ 
· 
~ 
· 
'"' 
· 


INTERRUPT 
POINTER 
FOR VECTOR 
255 


~~ 
· 
~~ 
·· 


INTERRUPT 
POINTER 
FOR VECTOR 
1 


INTERRUPT 
POINTER 
FOR VECTOR 
0 


Figure 9. 8086 Real Address Mode Initially 
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Interrupt 
Related 
Return Address 
Function 
Number 
Instructions 
Before 
Instruction? 


Interrupt table limit too small exception 
8 
INT vector is not within table limit 
Yes 
• 
Processor extension segment overrun 
9 
ESCwith memory operand extend- 
No 
interrupt 
ing beyond offset FFFF(H) 


Segment overrun exception 
13 
Word memory reference with offset 
Yes 


= FFFF(H) or an attempt to exe- 
cute past the end of a segment 


Interrupts 


Table 9 shows the interrupt vectors reserved for ex- 
ceptions and interrupts which indicate an addressing 
error. The exceptions leave the CPU in the state ex- 
isting before attempting to execute the failing in- 
struction (except for PUSH, POP, PUSHA,or paPA). 
Refer to the next section on protected mode initiali- 
zation for a discussion on exception 8. 


To prepare the 80286 for protected mode, the L1DT 
instruction is used to load the 24-bit interrupt table 
base and 16-bit limit for the protected mode interrupt 
table. This instruction can also set a base and limit 
for the interrupt vector table in real address mode. 
After reset, the interrupt table base is initialized to 
OOOOOO(H) 
and its size set to 03FF(H). These values 


are compatible with 8086, 88 software. L1DTshould 
only be executed in preparation for protected mode. 


Shutdown occurs when a severe error is detected 
that prevents further instruction processing by the 
CPU. Shutdown and halt are externally signalled via 
a halt bus operation. They can be distinguished by 
Al HIGH for halt and Al LOW for shutdown. In real 
address mode, shutdown can occur under two con- 
ditions: 


• Exceptions 8 or 13 happen and the lOT limit does 


not include the interrupt vector. 


• A CALL INT or PUSH instruction attempts to wrap 


around the stack segment when SP is not even. 


An NMI input can bring the CPU out of shutdown if 
the lOT limit is at least OOOF(H)and SP is greater 
than 0005(H), otherwise shutdown can only be exit- 
ed via the RESET input. 


PROTECTED 
VIRTUAL 
ADDRESS 


MODE 


The 80286 executes a fully upward-compatible su- 
perset of the 8086 instruction set in protected virtual 
address mode (protected mode). Protected mode 
also provides memory management and protection 
mechanisms and associated instructions. 


The 80286 enters protected virtual address mode 
from real address mode by setting the PE (Protec- 
tion Enable) bit of the machine status word with the 
Load Machine Status Word (LMSW) instruction. Pro- 
tected mode offers extended physical and virtual 
memory address space, memory protection mecha- 
nisms, and new operations to support operating sys- 
tems and virtual memory. 


All registers, instructions, and addressing modes de- 
scribed in the 80286 Base Architecture section of 
this Functional Description remain the same. Pro- 
grams for the 8086, 88, 186, and real address mode 
80286 can be run in protected mode; however, em- 
bedded constants for segment selectors are differ- 
ent. 


Memory 
Size 


The protected mode 80286 provides a 1 gigabyte 
virtual address space per task mapped into a 16 
megabyte physical address space defined by the ad- 
dress pin A23-AO and BHE. The virtual address 
space may be larger than the physical address 
space since any use of an address that does not 
map to a physical memory location will cause a re- 
startable exception. 


As in real address mode, protected mode uses 32- 
bit pointers, consisting of 16-bit selector and offset 
components. The selector, however, specifies an in- 
dex into a memory resident table rather than the up- 
per 16-bits of a real memory address. The 24-bit 


inter 


base address of the desired segment is obtained 
from the tables in memory. The 16-bit offset is add- 
ed to the segment base address to form the physical 
address as shown in Figure 10. The tables are auto- 
matically referenced by the CPU whenever a seg- 
ment register is loaded with a selector. All 80286 
instructions which load a segment register will refer- 
ence the memory based tables without additional 
software. The memory based tables contain 8 byte 
values called descriptors. 


1- 


) 


SEOIIENT 
DESCRIPTOR 
TAIILE 


DESCRIPTORS 
Descriptors define the use of memory. Special types 
of descriptors also define new functions for transfer 
of control and task switching. The 80286 has seg- 
ment descriptors for code, stack and data segments, 
and system control descriptors for special system 
data segments and control transfer operations. De- 
scriptor accesses are performed as locked bus op- 
erations to assure descriptor integrity in multi-proc- 
essor systems. 


CODE AND DATA SEGMENT DESCRIPTORS 
(S = 1) 
Besides segment base addresses, code and data 
descriptors contain other segment attributes includ- 
ing segment size (1 to 64K bytes), access rights 
(read only, read/write, execute only, and execute/ 
read), and presence in memory (for virtual memory 
systems) (See Figure 11). Any segment usage vio- 
lating a segment attribute indicated by the segment 
descriptor will prevent the memory cycle and cause 
an exception or interrupt. 


Code or Data Segment Descriptor 
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Bit 
Name 
Function 
Position 
7 
Present 
(P) 
P = 
1 
Segment 
is mapped 
into physical 
memory. 


P=O 
No mapping 
to physical 
memory 
exits, base and limit are 


not used. 
6-5 
Descriptor 
Privilege 
Segment 
privilege 
attribute 
used in privilege 
tests. 
Level (DPL) 
4 
Segment 
Descrip- 
S=1 
Code or Data (includes 
stacks) 
segment 
descriptor 
tor (S) 
S=O 
System 
Segment 
Descriptor 
or Gate Descriptor 


3 
Executable 
(E) 
E=O 
Data segment 
descriptor 
type is: 


1 


If 
2 
Expansion 
Direc- 
ED = 0 
Expand up segment, 
offsets 
must be ,:; limit. 
Data 
tion(ED) 
ED= 
1 
Expand down segment, 
offsets 
must be > limit. 
Segment 
1 
Writeable 
CNl 
W=O 
Data segment 
may not be written 
into. 
(S = 
1, 


W = 
1 
Data segment 
may be written 
into. 
E = 0) 


3 
Executable 
(E) 
E = 
1 
Code Segment 
Descriptor 
type is: 
} 


If 
2 
Conforming 
(C) 
C=1 
Code segment 
may only be executed 
Code 
when CPL 
<0: DPL and CPL 
Segment 


remains 
unchanged. 
1 
Readable 
(R) 
R =0 
Code segment 
may not be read 
(S = 
1, 


R = 
1 
Code segment 
may be read. 
E = 
1) 


0 
Accessed 
(A) 
A=O 
Segment 
has not been accessed. 


A= 
1 
Segment 
selector 
has been loaded into segment 
register 


or used by selector 
test instructions. 


Type 
Field 
Definition 


Figure 11. Code and Data Segment Descriptor Formats 


3-16 


inter 


Code and data (including stack data) are stored in 
two types of segments: code segments and data 
segments. Both types are identified and defined by 
segment descriptors (S = 1). Code segments are 
identified by the executable (E) bit set to 1 in the 
descriptor access rights byte. The access rights byte 
of both code and data segment descriptor types 
have three fields in common: present (P) bit, De- 
scriptor Privilege Level (DPL), and accessed (A) bit. 
If P = 0, any attempted use of this segment will 
cause a not-present exception. DPL specifies the 
privilege level of the segment descriptor. DPL con- 
trols when the descriptor may be used by a task 
(refer to privilege discussion below). The A bit shows 
whether the segment has been previously accessed 
for usage profiling, a necessity for virtual memory 
systems. The CPU will always set this bit when ac- 
cessing the descriptor. 


Data segments (S = 1, E = 0) may be either read- 
only or read-write as controlled by the W bit of the 
access rights byte. Read-only (W = 0) data seg- 
ments may not be written into. Data segments may 
grow in two directions, as determined by the Expan- 
sion Direction (ED) bit: upwards (ED = 0) for data 
segments, and downwards (ED = 1) for a segment 
containing a stack. The limit field for a data segment 
descriptor is interpreted differently depending on the 
ED bit (see Figure 11). 


A code segment (S = 1, E = 1) may be execute- 
only or execute/read as determined by the Read- 
able (R) bit. Code segments may never be written 
into and execute-only code segments (R = 0) may 
not be read. A code segment may also have an attri- 
bute called conforming (C). A conforming code seg- 
ment may be shared by programs that execute at 
different privilege levels. The DPL of a conforming 
code segment defines the range of privilege levels 
at which the segment may be executed (refer to priv- 
ilege discussion below). The limit field identifies the 
last byte of a code segment. 


SYSTEM 
SEGMENT 
DESCRIPTORS 
(S = 0, 


TYPE 
= 1-3) 


In addition to code and data segment descriptors, 
the protected mode 80286 defines System Segment 
Descriptors. These descriptors define special sys- 
tem data segments which contain a table of descrip- 
tors (Local Descriptor Table Descriptor) or segments 
which contain the execution state of a task (Task 
State Segment Descriptor). 


Figure 12 gives the formats for the special system 
data segment descriptors. The descriptors contain a 
24-bit base address of the segment and a 16-bit lim- 
it. The access byte defines the type of descriptor, its 
state and privilege level. The descriptor contents are 
valid and the segment is in physical memory if P = 1. 
If P = 0, the segment is not valid. The DPL field is 
only used in Task State Segment descriptors and 
indicates the privilege level at which the descrip- 


tor may be used (see Privilege). Since the Local De- 
scriptor Table descriptor may only be used by a spe- 
cial privileged instruction, the DPL field is not used. 
Bit 4 of the access byte is 0 to indicate that it is a 
system control descriptor. The type field specifies 
the descriptor type as indicated in Figure 12. 
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07 
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INTEL 
RESERVED· 
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+5 
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BASElt-O 
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+' 
LIMlTl5-0 
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Name 
Value 
Description 


TYPE 
1 
Available 
Task State Segment 
(TSS) 


2 
Local Descriptor 
Table 


3 
Busy Task State Segment 
(TSS) 


P 
0 
Descriptor 
contents 
are not valid 


1 
Descriptor 
contents 
are valid 


DPL 
0-3 
Descriptor 
Privilege 
Level 


BASE 
24-bit 
Base Address 
of special 
system 
data 


number 
segment 
in real memory 


LIMIT 
16-bit 
Offset 
of last by1e in segment 


number 


GATE 
DESCRIPTORS 
(S = 0, TYPE = 4-7) 


Gates are used to control access to entry points 
within the target code segment. The gate descrip- 
tors are call gates, task gates, interrupt gates and 
trap gates. Gates provide a level of indirection be- 
tween the source and destination of the control 
transfer. This indirection allows the CPU to automati- 
cally perform protection checks and control entry 
point of the destination. Call gates are used to 
change privilege levels (see Privilege), task gates 
are used to perform a task switch, and interrupt and 
trap gates are used to specify interrupt service rou- 
tines. The interrupt gate disables interrupts (resets 
IF) while the trap gate does not. 
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Description 


4 
-Call 
Gate 


TYPE 
5 
-Task 
Gate 


6 
-Interrupt 
Gate 


7 
- Trap Gate 


P 
0 
-Descriptor 
Contents 
are not 
valid 


1 
-Descriptor 
Contents 
are 


valid 


DPL 
0-3 
Descriptor 
Privilege 
Level 


WORD 
Number 
of words to copy 


COUNT 
0-31 
from callers stack to called 
procedures 
stack. Only used 


with call gate. 


Selector 
to the target code 


DESTINATION 
16-bit 
segment 
(Call, Interrupt 
or 


SELECTOR 
selector 
Trap Gate) 
Selector 
to the target task 


state segment 
(Task Gate) 


DESTINATION 
16-bit 
Entry point within the target 


OFFSET 
offset 
code segment 


Figure 
13. Gate Descriptor 
Format 


Figure 
13 shows 
the format 
of the gate descriptors. 
The 
descriptor 
contains 
a destination 
pointer 
that 


points 
to the descriptor 
of the target 
segment 
and 


the entry point offset. 
The destination 
selector 
in an 


interrupt 
gate, trap gate, and call gate must refer to a 


code 
segment 
descriptor. 
These 
gate 
descriptors 


contain 
the 
entry 
point 
to prevent 
a program 
from 


constructing 
and 
using an illegal 
entry 
point. 
Task 


gates may only refer to a task state segment. 
Since 


task gates invoke 
a task switch, 
the destination 
off- 


set is not used in the task gate. 


Exception 
13 is generated 
when the gate is used if a 


destination 
selector 
does not refer to the correct 
de- 


scriptor 
type. The word count field is used in the call 


gate descriptor 
to indicate the number of parameters 


(0-31 words) 
to be automatically 
copied 
from 
the 


caller's 
stack to the stack of the called routine when 


a control 
transfer 
changes 
privilege 
levels. The word 


count field is not used by any other gate descriptor. 


The access 
byte format 
is the same for all gate de- 


scriptors. 
P = 1 indicates 
that the gate contents 
are 


valid. P = 0 indicates 
the contents 
are not valid and' 


causes 
exception 
11 if referenced. 
OPL is the de- 
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discussion 
below). 
Bit 4 must equal 
0 to indicate 
a 


system 
control 
descriptor. 
The 
type 
field 
specifies 


the descriptor 
type as indicated 
in Figure 
13. 


SEGMENT 
DESCRIPTOR 
CACHE 
REGISTERS 


A segment 
descriptor 
cache 
register 
is assigned 
to 


each of the four segment 
registers 
(CS, SS, OS, ES). 


Segment 
descriptors 
are 
automatically 
loaded 


(cached) 
into a segment 
descriptor 
cache 
register 
(Figure 14) whenever 
the associated 
segment 
regis- 


ter is loaded 
with a selector. 
Only segment 
descrip- 


tors 
may be loaded 
into segment 
descriptor 
cache 


registers. 
Once 
loaded, 
all references 
to that 
seg- 


ment of memory 
use the cached 
descriptor 
informa- 


tion instead 
of reaccessing 
the descriptor. 
The de- 


scriptor 
cache 
registers 
are not visible 
to programs. 


No instructions 
exist 
to store 
their 
contents. 
They 


only change 
when a segment 
register 
is loaded. 


SELECTOR 
FIELDS 


A protected 
mode selector 
has three fields: descrip- 


tor entry index, local or global 
descriptor 
table 
indi- 


cator 
(TI), and selector 
privilege 
(RPL) as shown 
in 


Figure 
15. These 
fields 
select 
one of two 
memory 


based 
tables 
of descriptors, 
select 
the appropriate 


table entry and allow highspeed 
testing 
of the selec- 


tor's 
privilege 
attribute 
(refer to privilege 
discussion 


below). 
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Figure 
14. Descriptor 
Cache 
Registers 
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LOCAL 
AND GLOBAL 
DESCRIPTOR 
TABLES 


Two tables of descriptors, called descriptor tables, 
contain all descriptors accessible by a task at any 
given time. A descriptor table is a linear array of up 
to 8192 descriptors. The upper 13 bits of the selec- 
tor value are an index into a descriptor table. Each 
table has a 24-bit base register to locate the descrip- 
tor table in physical memory and a 16-bit limit regis- 
ter that confine descriptor access to the defined lim- 
its of the table as shown in Figure 16. A restartable 
exception (13) will occur if an attempt is made to 
reference a descriptor outside the table limits. 


One table, called the Global Descriptor table (GDT), 
contains descriptors available to all tasks. The other 
table, called the Local Descriptor Table (LDT)' con- 
tains descriptors that can be private to a task. Each 
task may have its own private LDT. The GDT may 
contain all descriptor types except interrupt and trap 
descriptors. The LDT may contain only segment, 
task gate, and call gate descriptors. A segment can- 
not be accessed by a task if its segment descriptor 
does not exist in either descriptor table at the time of 
access. 


LOT, 


1'""M" 


lOT 


lOTn Iill 


'" 
'" 
210253-16 


Figure 16. Local and Global 
Descriptor Table Definition 


The LGDT and LLDT instructions load the base and 
limit of the global and local descriptor tables. LGDT 
and LLDT are privileged, Le. they may only be exe- 
cuted by trusted programs operating at level O. The 
LGDT instruction loads a six byte field containing the 
16-bit table limit and 24-bit physical base address of 
the Global Descriptor Table as shown in Figure 17. 
The LDT instruction loads a selector which refers to 
a Local Descriptor Table descriptor containing the 


base address and limit for an LDT, as shown in Fig- 
ure 12. 


INTEL 
RESERVED· I 
BAS'En-1t 


BASE15-G 
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Figure 17. Global Descriptor 
Table and Interrupt 


Descriptor 
Table Data Type 


INTERRUPT 
DESCRIPTOR 
TABLE 


The protected mode 80286 has a third descriptor 
table, called the Interrupt Descriptor Table (IDT) 
(see Figure 18), used to define up to 256 interrupts. 
It may contain only task gates, interrupt gates and 
trap gates. The IDT (Interrupt Descriptor Table) has 
a 24-bit physical base and 16-bit limit register in the 
CPU. The privileged L1DT instruction loads these 
registers with a six byte value of identical form to 
that of the LGDT instruction (see Figure 17 and Pro- 
tected Mode Initialization). 
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Figure 18. Interrupt 
Descriptor 
Table Definition 


References to IDT entries are made via INT instruc- 
tions, external interrupt vectors, or exceptions. The 
IDT must be at least 256 bytes in size to allocate 
space for all reserved interrupts. 


Privilege 
The 80286 has a four-level hierarchical privilege sys- 
tem which controls the use of privileged instructions 
and access to descriptors (and their associated seg- 
ments) within a task. Four-level privilege, as shown 
in Figure 19, is an extension of the user/supervisor 
mode commonly found in minicomputers. The privi- 
lege levels are numbered 0 through 3. Level 0 is the 


inter 


HIGH 
SPEED 


OPERAnNG 


SYSTEM 


INTERFACE 


CPU 


ENFORCED 
SOfTWARE 


INTERFACES 


most privileged level. Privilege levels provide protec- 
tion within a task. (Tasks are isolated by providing 
private LDT's for each task.) Operating system rou- 
tines, interrupt handlers, and other system software 
can be included and protected within the virtual ad- 
dress space of each task using the four levels of 
privilege. Each task in the system has a separate 
stack for each of its privilege levels. 


Tasks, descriptors, and selectors have a privilege 
level attribute that determines whether the descrip- 
tor may be used. Task privilege effects the use of 
instructions and descriptors. Descriptor and selector 
privilege only effect access to the descriptor. 


TASK PRIVILEGE 
A task always executes at one of the four privilege 
levels. The task privilege level at any specific instant 
is called the Current Privilege Level (CPL)and is de- 
fined by the lower two bits of the CS register. CPL 
cannot change during execution in a single code 
segment. A task's CPL may only be changed by con- 
trol transfers through gate descriptors to a new code 
segment (See Control Transfer). Tasks begin exe- 
cuting at the CPL value specified by the code seg- 
ment selector within TSS when the task is initiated 
via a task switch operation (See Figure 20). A task 
executing at Level 0 can access all data segments 
defined in the GDT and the task's LDT and is con- 
sidered the most trusted level. A task executing a 
Level 3 has the most restricted access to data and is 
considered the least trusted level. 


DESCRIPTOR 
PRIVILEGE 


D~s.criptor privilege is specified by the Descriptor 
Privilege Level (DPL) field of the descriptor access 
byte. DPL specifies the least trusted task privilege 
level (CPL) at which a task may access the descrip- 


tor. Descriptors with DPL = 0 are the most protect- 
ed. 
Only tasks 
executing 
at 
privilege 
level 
0 


(CPL = 0) may access them. Descriptors with DPL 
= 3 are the least protected (Le. have the least re- 
stricted access) since tasks can access them when 
CPL = 0, 1, 2, or 3. This rule applies to all descrip- 
tors, except LDT descriptors. 


SELECTOR 
PRIVILEGE 
Selector privilege is specified by the Requested Priv- 
ilege Level (RPL)field in the least significant two bits 
of a selector. Selector RPL may. establish a less 
trusted privilege level than the current privilege level 
for the use of a selector. This level is called the 
task's effective privilege level (EPL). RPL can only 
reduce the scope of a task's access to data with this 
selector. A task's effective privilege is the numeric 
maximum of RPL and CPL. A selector with RPL = 0 
imposes no additional restriction on its use while a 
selector with RPL = 3 can only refer to segments at 
privilege Level 3 regardless of the task's CPL. RPL 
is generally used to verify that pointer parameters 
passed to a more trusted procedure are not allowed 
to use data at a more privileged level than the caller 
(refer to pointer testing instructions). 


Descriptor 
Access 
and Privilege 


Validation 
Determining the ability of a task to access a seg- 
ment involves the type of segment to be accessed, 
the instruction used, the type of descriptor used and 
CPL, RPL,and DPL.The two basic types of segment 
accesses are control transfer (selectors loaded into 
CS) and data (selectors loaded into DS, ES or SS). 


DATA SEGMENT ACCESS 
Instructions that load selectors into DS and ES must 
refer to a data segment descriptor or readable code 
segment descriptor. The CPL of the task and the 
RPL of the selector must be the same as or more 
privileged (numerically equal to or lower than) than 
the descriptor DPL. In general, a task can only ac- 
cess data segments at the same or less privileged 
I~vels than the CPL or RPL (whichever is numerically 
higher) to prevent a program from accessing data it 
cannot be trusted to use. 


An exception to the rule is a readable conforming 
code segment. This type of code segment can be 
read from any privilege level. 


If the privilege checks fail (e.g. DPL is numerically 
less than the maximum of CPL and RPL) or an incor- 
rect type of descriptor is referenced (e.g. gate de- 


scriptor 
or execute 
only code segment) 
exception 
13 


occurs. 
If the segment 
is not present, 
exception 
11 


is generated. 


Instructions 
that load selectors 
into SS must refer to 


data 
segment 
descriptors 
for 
writable 
data 
seg- 


ments. The descriptor 
privilege 
(DPL) and RPL must 


equal 
CPL. All other 
descriptor 
types 
or a privilege 


level violation 
will cause exception 
13. A not present 


fault causes 
exception 
12. 


ence to a valid Task State Segment 
descriptor 
caus- 


es a task switch (see Task Switch Operation). 
Refer- 


ence to a Task State Segment 
descriptor 
at a more 


privileged 
level than 
the task's 
CPL generates 
ex- 


ception 
13. 


When 
an instruction 
or interrupt 
references 
a gate 


descriptor, 
the gate DPL must have the same or less 


privilege 
than the task CPL. If DPL is at a more privi- 


leged 
level than 
CPL, exeception 
13 occurs. 
If the 


destination 
selector 
contained 
in the 
gate 
refer- 


ences 
a code 
segment 
descriptor, 
the 
code 
seg- 


ment descriptor 
DPL must be the same or more priv- 


ileged than the task CPL. If not, Exception 
13 is is- 


sued. After 
the control 
transfer, 
the code 
segment 


descriptors 
DPL is the task's 
new CPL. If the desti- 


nation 
selector 
in the gate references 
a task 
state 


segment, 
a task 
switch 
is automatically 
performed 


(see Task Switch 
Operation). 


The privilege 
rules on control 
transfer 
require: 


- 
JMP 
or CALL 
direct 
to a code 
segment 
(code 


segment 
descriptor) 
can only be to a conforming 


segment 
with DPL of equal 
or greater 
privilege 


than 
CPL or a non-conforming 
segment 
at the 


same privilege 
level. 


interrupts 
within 
the 
task 
or 
calls 
that 
may 


change 
privilege 
levels, can only transfer 
control 


through 
a gate at the same or a less privileged 


level than CPL to a code segment 
at the same or 


more privileged 
level than CPL. 


return 
instructions 
that 
don't 
switch 
tasks 
can 


only 
return 
control 
to 
a code 
segment 
at the 


same or less privileged 
level. 


- 
task switch 
can be performed 
by a call, jump or 


interrupt 
which 
references 
either 
a task 
gate or 


task state segment 
at the same or less privileged 


level. 


CONTROL 
TRANSFER 


Four types of control 
transfer 
can occur when a se- 


lector 
is loaded 
into CS by a control 
transfer 
opera- 
tion (see Table 
10). Each transfer 
type can only oc- 


cur if the operation 
which 
loaded 
the selector 
refer- 
ences 
the correct 
descriptor 
type. 
Any violation 
of 


these descriptor 
usage rules (e.g. JMP through a call 


gate or RET to a Task 
State 
Segment) 
will cause 


exception 
13. 


The ability to reference 
a descriptor 
for control 
trans- 


fer is also subject 
to rules of privilege. 
A CALL 
or 


JUMP 
instruction 
may only 
reference 
a code 
seg- 


ment descriptor 
with DPL equal to the task CPL or a 


conforming 
segment 
with 
DPL of equal 
or greater 


privilege 
than CPL. The RPL of the selector 
used to 


reference 
the code 
descriptor 
must have as much 


privilege 
as CPL. 


RET and IRET instructions 
may only reference 
code 


segment 
descriptors 
with descriptor 
privilege 
equal 


to or less privileged 
than the task CPL. The selector 


loaded 
into CS is the return address 
from the stack. 
After the return, 
the selector 
RPL is the task's 
new 


CPL. If CPL changes, 
the old stack pointer is popped 


after the return address. 


When a JMP or CALL references 
a Task State Seg- 
ment 
descriptor, 
the 
descriptor 
DPL 
must 
be the 


same or less privileged 
than the task's 
CPL. Refer- 


Table 
10. Descriptor 
Types 
Used for Control 
Transfer 


Control Transfer Types 
Operation Types 
Descriptor 
Descriptor 


Referenced 
Table 


Intersegment 
within the same privilege 
level 
JMP, CALL, RET, IREP 
Code Segment 
GDT/LDT 


Intersegment 
to the same or higher privilege 
level Interrupt 
CALL 
Call Gate 
GDT/LDT 
within task may change 
CPL. 
Interrupt 
Instruction, 
Trap or 
IDT 


Exception, 
External 
Interrupt 
Interrupt 
Gate 


Intersegment 
to a lower privilege 
level (changes 
task CPL) 
RET,IREP 
Code Segment 
GDT/LDT 


CALL,JMP 
Task State 
GDT 


- 
". 
Segment 


". 
CALL, JMP 
Task Gate 
GDT/LDT 
Task Switch 
IREP- 
Interrupt 
Instruction, 
Task Gate 
IDT 
Exception, 
External 
Interrupt 


-NT 
(Nested 
Task bit of flag word) 
= 0 


--NT 
(Nested 
Task bit of flag word) 
= 1 


PRIVILEGE 
LEVEL 
CHANGES 


Any 
control 
transfer 
that 
changes 
CPL within 
the 


task, causes a change 
of stacks 
as part of the oper- 


ation. Initial values of SS:SP for privilege 
levels 0, 1, 
and 2 are kept in the task 
state 
segment 
(refer to 


Task Switch Operation). 
During a JMP or CALL con- 


trol transfer, 
the new stack pointer 
is loaded into the 


55 and SP registers 
and the previous 
stack pointer 


is pushed 
onto the new stack. 


When 
returning 
to 
the 
original 
privilege 
level, 
its 


stack is restored 
as part of the RET or IRET instruc- 


tion operation. 
For subroutine 
calls that pass param- 


eters on the stack and cross privilege 
levels, a fixed 


number 
of words, 
as specified 
in the gate, are cop- 
ied from the previous 
stack to the current stack. The 


inter-segment 
RET instruction 
with a stack 
adjust- 


ment value will correctly 
restore 
the previous 
stack 


pointer 
upon return. 


Protection 


The 80286 
includes 
mechanisms 
to protect 
critical 


instructions 
that affect the CPU execution 
state (e.g. 


HLT) and code or data segments 
from improper 
us- 


age. These protection 
mechanisms 
are grouped 
into 


three forms: 


Restricted 
usage of segments 
(e.g. no write 
al- 


lowed to read-only 
data segments). 
The only seg- 


ments 
available 
for use are defined 
by descrip- 


tors 
in the 
Local 
Descriptor 
Table 
(LOT) 
and 


Global 
Descriptor 
Table (GOT). 


Restricted 
access to segments 
via the rules 
of 


privilege 
and descriptor 
usage. 
Privileged instructions 
or 
operations 
that 
may 


only be executed 
at certain 
privilege 
levels as de- 


termined 
by the 
CPL 
and 
I/O 
Privilege 
Level 


(IOPL). The 10PL is defined 
by bits 14 and 13 of 


the flag word. 


These checks 
are performed 
for all instructions 
and 


can 
be 
split 
into 
three 
categories: 
segment 
load 


checks 
(Table 11), operand 
reference 
checks 
(Table 


12), and 
privileged 
instruction 
checks 
(Table 
13). 
Any violation 
of the rules shown will result in an ex- 


ception. 
A not-present 
exception 
related to the stack 


segment 
causes 
exception 
12. 


The 
IRET 
and 
POPF 
instructions 
do 
not 
perform 


some of their defined 
functions 
if CPL is not of suffi- 


cient privilege 
(numerically 
small enough). 
Precisely 


these 
are: 


• 
The IF bit is not changed 
if CPL > 10PL. 


• 
The 10PL field of the flag word is not changed 
if 


CPL> 
O. 


No exceptions 
or other 
indication 
are given 
when 


these 
conditions 
occur. 


Table 11 


Segment 
Register 
Load Checks 


Error Description 
Exception 
Number 


Descriptor table limit exceeded 
13 


Segment descriptor not-present 
11 or 12 


Privilege rules violated 
13 


Invalid descriptor/segment type seg- 
ment register load: 


-Read 
only data segment load to 


SS 


-Special 
Control descriptor load to 


DS,ES,SS 
13 


-Execute 
only segment load to 


DS, ES,SS 
-Data 
segment load to CS 
-Read/Execute 
code segment 


load to SS 


Error DescriptIon 
Exception 
Number 


Write into code segment 
13 


Read from execute-only code 
segment 
13 


Write to read-only data segment 
13 


Segment limit exceeded1 
12 or 13 


NOTE: 
Carry out in offset calculations is ignored. 


Error Description 
Exception 
Number 


CPL "'" 0 when executing the following 
instructions: 
13 
L1DT,LLDT, LGDT, LTR, LMSW, 
CTS,HLT 


CPL > IOPLwhen executing the fol- 
lowing instructions: 
13 
INS, IN, OUTS, OUT, STI, CLI, 
LOCK 


EXCEPTIONS 


The 80286 
detects 
several 
types of exceptions 
and 


interrupts, 
in protected 
mode 
(see Table 
14). Most 


are restartable 
after the exceptional 
condition 
is reo 


moved. 
Interrupt 
handlers 
for most exceptions 
can 


read an error 
code, 
pushed 
on the stack 
after 
the 


return 
address, 
that identifies 
the selector 
involved 


(0 if none). The return address 
normally 
points to the 


failing instruction, 
including 
all leading prefixes. 
For a 


processor 
extension 
segment 
overrun 
exception, 


the return address 
will not point at the ESC instruc- 


tion that caused the exception; 
however, 
the proces- 


sor extension 
registers 
may contain 
the address 
of 


the failing instruction. 


inter 


Return 
Always 
Error 
Interrupt 
Function 
Address 
Restart- 
Code 
Vector 
At Falling 
able? 
on Stack? 
Instruction? 
8 
Double exception detected 
Yes 
N02 
Yes 


9 
Processor extension segment overrun 
No 
N02 
No 


10 
Invalid task state segment 
Yes 
Yes 
Yes 


11 
Segment not present 
Yes 
Yes 
Yes 


12 
Stack segment overrun or stack segment not present 
Yes 
Yes1 
Yes 
13 
General protection 
Yes 
N02 
Yes 


NOTE: 
1. When a PUSHA or POPA instruction attempts to wrap around the stack segment, the machine state after the exception 
will not be restartable because stack segment wrap around is not permitted. This condition is identified by the value of the 
saved SP being either OOOO(H),0001(H), FFFE(H), or FFFF(H). 
2. These exceptions indicate a violation to privilege rules or usage rules has occurred. Restart is generally not attempted 
under those conditions. 


These 
exceptions 
indicate 
a violation 
to 
privilege 
rules or usage rules has occurred. 
Restart 
is gener- 
ally not attempted 
under those 
conditions. 


All these 
checks 
are performed 
for all instructions 
and can be split into three categories: 
segment 
load 
checks 
(Table 11), operand 
reference 
checks 
(Table 
12), and 
privileged 
instruction 
checks 
(Table 
13). 
Any violation 
of the rules shown 
will result in an ex- 
ception. 
A not-present 
exception 
causes 
exception 
11 or 12 and is restartable. 


The 80286 
provides 
a built-in task switch 
operation 
which saves the entire 80286 execution 
state (regis- 
ters, address 
space, and a link to the previous 
task), 


loads a new execution 
state, 
and commences 
exe- 
cution 
in the new task. 
Like gates, 
the task 
switch 
operation 
is invoked 
by executing 
an inter-segment 
JMP 
or CALL 
instruction 
which 
refers 
to 
a Task 
State 
Segment 
(TSS) or task gate descriptor 
in the 
GOT or LOT. An INT n instruction, 
exception, 
or ex- 
ternal 
interrupt 
may also invoke 
the task switch 
op- 
eration 
by selecting 
a task gate descriptor 
in the as- 
sociated 
lOT descriptor 
entry. 


The TSS descriptor 
points at a segment 
(see Figure 
20) 
containing 
the 
entire 
80286 
execution 
state 
while a task gate descriptor 
contains 
a TSS selector. 
The limit field of the descriptor 
must be > 002B(H). 


Each task must have a TSS associated 
with it. The 
current 
TSS is identified 
by a special 
register 
in the 
80286 
called 
the Task 
Register 
(TR). This register 
contains 
a selector 
referring 
to the task state 
seg- 
ment descriptor 
that defines 
the current 
TSS. A hid- 
den base and limit register 
associated 
with TR are 
loaded 
whenever 
TR is loaded 
with a new selector. 


The IRET instruction 
is used to return control 
to the 


task that called 
the current 
task or was interrupted. 


Bit 14 in the flag register 
is called 
the Nested 
Task 


(ND 
bit. It controls 
the function 
of the IRET instruc- 


tion. 
If NT = 0, the 
IRET instruction 
performs 
the 


regular current task by popping 
values off the stack; 


when 
NT = 1, IRET performs 
a task switch 
opera- 


tion back to the previous 
task. 


When 
a CALL, 
JMP, 
or INT instruction 
initiates 
a 


task 
switch, 
the old (except 
for case 
of JMP) 
and 


new TSS will be marked 
busy and the back link field 


of the new TSS set to the old TSS selector. 
The NT 


bit of the new task 
is set by CALL 
or INT initiated 


task 
switches. 
An interrupt 
that 
does 
not cause 
a 


task 
switch 
will 
clear 
NT. NT may also 
be set or 


cleared 
by POPF or IRET instructions. 


The task state segment 
is marked 
busy by changing 


the descriptor 
type field from Type 1 to Type 3. Use 


of a selector 
that references 
a busy task state seg- 


ment causes 
Exception 
13. 


PROCESSOR 
EXTENSION 
CONTEXT 


SWITCHING 


The context 
of a processor 
extension 
(such as the 


80287 
numerics 
processor) 
is not changed 
by the 


task 
switch 
operation. 
A processor 
extension 
con- 


text need only be changed 
when a different 
task at- 


tempts 
to use the processor 
extension 
(which 
still 


contains 
the context 
of a previous 
task). The 80286 


detects 
the first use of a processor 
extension 
after a 


task switch 
by causing 
the processor 
extension 
not 


present 
exception 
(7). The 
interrupt 
handler 
may 


then decide whether 
a context 
change 
is necessary. 


Whenever 
the 80286 switches 
tasks, it sets the Task 


Switched 
(TS) bit of the MSW. TS indicates 
that a 


processor 
extension 
context 
may belong 
to a differ- 


ent task than the current 
one. The processor 
exten- 


sion 
not present 
exception 
(7) will occur 
when 
at- 


tempting 
to execute 
an ESC or WAIT 
instruction 
if 


TS = 1 and a processor 
extension 
is present 
(MP = 1 


in MSW). 


3-23 


inter 


The 80286 provides several instructions to speed 
pointer testing and consistency checks for maintain- 
ing system integrity (see Table 15). These instruc- 
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DX 


CX 
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FlAG 
WORD 
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POINT) 


55 FOR CPL2 
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SPFOR 
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SP FOR CPLO 


8ACK 
UNK 
SELECTOR 
TO TSS 


tions use the memory management hardware to ver- 
ify that a selector value refers to an appropriate seg- 
ment without risking an exception. A condition flag 
(ZF) indicates whether use of the selector or seg- 
ment will cause an exception. 


TYPE 
DESCAIPTlON 


1 
AN AVAILABLE 
TASK STATE 


SEGMENT. 
MAY BE USED AS 


THE OEsnNAnON 
OF It TASK 


SWITCH 
OPERATION. 


3 
A BUSY 
TASK 
STATE 
SEGMENT. 


CANHOT 
BE USED AS THE 


DESTINATION 
OF A TASK 
SWITCH. 


BYTE 
o 
OFFSET 
.2 


40 


31 


31 


34 


32 


30 


21 
CURRENT 
TASK 


21 
STATE 


2. 


P 
DESCRIPnON 


1 
BASE 
AND 
UMJT 
FIELDS 
ARE 
VAUO 


0 
SEGMENT 
IS NOT PRESENT 
IN 


MEMORY, 
BASE 
AND UMIT 
ARE HOT 


DEFINED 


11 


" 
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Table 15.80286 Pointer Test Instructions 
mediately execute an intra-segment JMP instruction 
to clear the instruction queue of instructions decod- 
ed in real address mode. 


To force the 80286 CPU registers to match the initial 
protected mode state assumed by software, execute 
a JMP instruction with a selector referring to the ini- 
tial TSS used in the system. This will load the task 
register, local descriptor table register, segment reg- 
isters and initial general register state. The TR 
should point at a valid TSS since any task switch 
operation involves saving the current task state. 


Instruction 
Operands 
Function 


ARPL 
Selector, 
Adjust Requested Privilege 


Register 
Level: adjusts the RPL of 
the selector to the numeric 
maximum of current selec- 
tor RPL value and the RPL 
value in the register. Set 
zero flag if selector RPL 
was changed by ARPL. 


VERR 
Selector 
VERify for Read: sets the 
zero flag if the segment re- 
ferred to by the selector 
can be read. 


VERW 
Selector 
VERify for Write: sets the 
zero flag if the segment reo 
ferred to by the selector 
can be written. 


LSL 
Register, 
Load Segment Limit: reads 


Selector 
the segment limit into the 
register if privilege rules 
and descriptor type allow. 
Set zero flag if successful. 


LAR 
Register, 
Load Access Rights: reads 


Selector 
the 
descriptor 
access 


rights byte into the register 
if privilege rules allow. Set 
zero flag if successful. 


DOUBLE FAULT AND SHUTDOWN 
If two separate exceptions are detected during a sin- 
gle instruction execution, the 80286 performs the 
double fault exception (8). If an execution occurs 
during processing of the double fault exception, the 
80286 will enter shutdown. During shutdown no fur- 
ther instructions or exceptions are processed. Either 
NMI (CPU remains in protected mode) or RESET 
(CPU exits protected mode) can force the 80286 out 
of shutdown. Shutdown is externally signalled via a 
HALT bus operation with A1 LOW. 


PROTECTED MODE INITIALIZATION 
The 80286 initially executes in real address mode 
after RESET. To allow initialization code to be 
placed at the top of physical memory, A23-A20 will 
be HIGH when the 80286 performs memory refer- 
ences relative to the CS register until CS is changed. 
A23-A20 will be zero for references to the OS,ES, or 
SS segments. Changing CS in real address mode 
will force A23-A20 LOW whenever CS is used again. 
The initial CS:IP value of FOOO:FFFO 
provides 64K 


bytes of code space for initialization code without 
changing CS. 


Protected mode operation requires several registers 
to be initialized. The GOT and lOT base registers 
must refer to a valid GOT and lOT. After executing 
the LMSW instruction to set PE, the 80286 must im- 


SYSTEM INTERFACE 
The 80286 system interface appears in two forms: a 
local bus and a system bus. The local bus consists 
of address, data, status, and control signals at the 
pins of the CPU. A system bus is any buffered ver- 
sion of the local bus. A system bus may also differ 
from the local bus in terms of coding of status and 
control lines and/or timing and loading of signals. 
The 80286 family includes several devices to gener- 
ate standard system buses such as the IEEE 796 
standard MULTIBUS. 


Bus Interface Signals and Timing 
The 80286 microsystem local bus interfaces the 
80286 to local memory and I/O components. The 
interface has 24 address lines, 16 data lines, and 8 
status and control signals. 


The 80286 CPU, 82C284 clock generator, 82288 
bus controller, 82289 bus arbiter, tranceivers, and 
latches provide a buffered and decoded system bus 
interface. The 82C284 generates the system clock 
and synchronizes READY and RESET. The 82288 
converts bus operation status encoded by the 80286 
into command and bus control signals. The 82289 
bus arbiter generates Multibus bus arbitration sig- 
nals. These components can provide the timing and 
electrical power drive levels required for most sys- 
tem bus interfaces including the Multibus. 


Physical Memory and I/O Interface 
A maximum of 16 megabytes of physical memory 
can be addressed in protected mode. One mega- 
byte can be addressed in real address mode. Memo- 
ry is accessible as bytes or words. Words consist of 
any two consecutive bytes addressed with the least 
significant byte stored in the lowest address. 


Byte transfers occur on either half of the 16-bit local 
data bus. Even bytes are accessed over 07-0 while 
odd bytes are transferred over 015-8. Even-ad- 
dressed words are transferred over 015-0 in one 
bus cycle, while odd-addressed word require two 
bus operations. The first transfers data on 015-8, 
and the second transfers data on 07-0' Both byte 
data transfers occur automatically, transparent to 
software. 


Two bus signals, Ao and BHE, control transfers over 
the lower and upper halves of the data bus. Even 
address byte transfers are indicated by Ao LOW and 
BHE HIGH. Odd address byte transfers are indicat- 
ed by Ao HIGH and BHE LOW. Both Ao and SHE are 
LOW for even address word transfers. 


The I/O address space contains 64K addresses in 
both modes. The I/O space is accessible as either 
bytes or words, as is memory. Byte wide peripheral 
devices may be attached to either the upper or lower 
byte of the data bus. Byte-wide I/O devices attached 
to the upper data byte (015-8) 
are accessed with 


odd I/O addresses. Devices on the lower data byte 
are accessed with even I/O addresses. An interrupt 
controller such as Intel's 8259A must be connected 
to the lower data byte (07-0) for proper return of the 
interrupt vector. 


Bus Operation 
The 80286 uses a double frequency system clock 
(CLK input) to control bus timing. All signals on the 
local bus are measured relative to the system CLK 
input. The CPU divides the system clock by 2 to pro- 
duce the internal processor clock, which determines 
bus state. Each processor clock is composed of two 
system clock cycles named phase 1 and phase 2. 
The 82C284 clock generator output (PCLK) identi- 
fies the next phase of the processor clock. (See Fig- 
ure 21.) 


Figure 21. System 
and Processor 


Clock Relationships 
. 


Six types of bus operations are supported; memory 
read, memory write, I/O read, I/O write, interrupt ac- 
knowledge, and halt/shutdown. Data can be trans- 
ferred at a maximum rate of one word per two proc- 
essor clock cycles. 


The 80286 bus has three basic states: idle (Tj), send 
status (Ts), and perform command (Td. The 80286 
CPU also has a fourth local bus state called hold 
(Th)' Th indicates that the 80286 has surrendered 
control of the local bus to another bus master in 
response to a HOLD request. 


Each bus state is one processor clock long. Figure 
22 shows the four 80286 local bus states and al- 
lowed transitions. 


Bus States 
The idle (Tj) state indicates that, no data transfers 
are in progress or requested. The first active state 
T5 is signaled by status line S1 or SO going LOW 
and identifying phase 1 of the processor clock. Dur- 
ing T5, the command encoding, the address, and 
data (for a write operation) are available on the 
80286 output pins. The 82288 bus controller de- 
codes the status signals and generates Multibus 
compatible read/write 
command and local trans- 


ceiver control signals. 
, 


After T5, the perform command (Tcl state is en- 
tered. Memory or I/O devices respond to the bus 
operation during Tc, either transferring read data to 
the CPU or accepting write data. Tc states may be 
repeated as often as necessary to assure sufficient 
time for the memory or I/O device to respond. The 
READY signal determines whether Tc is repeated. A 
repeated Testate is called a wait state. 


During hold (Th), the 80286 will float all address, 
data, and status output pins enabling another bus 
master to use the local bus. The 80286 HOLD input 
signal is used to place the 80286 into the Th state. 
The 80286 HLDA output signal indicates that the 
CPU has entered Th. 


Pipelined Addressing 


The 80286 uses a local bus interface with pipelined 
timing to allow as much time as possible for data 
access. Pipelined timing allows a new bus operation 
to be initiated every two processor cycles, while al- 
lowing each individual bus operation to last for three 
processor cycles. 


The timing of the address outputs is pipelined such 
that the address of the next bus operation becomes 
available during the current bus operation. Or in oth- 
er words, the first clock of the next bus operation is 
overlapped with the last clock of the current bus op- 
eration. Therefore, address decode and routing logic 
can operate in advance of the next bus operation. 


inter 


External address latches may hold the address sta- 
ble for the entire bus operation, and provide addi- 
tional AC and DC buffering. 


The 80286 does not maintain the address of the cur- 
rent bus operation during all Tc states. Instead, the 
address for the next bus operation may be emitted 
during phase 2 of any Tc. The address remains valid 
during phase 1 of the first Tc to guarantee hold time, 
relative to ALE, for the address latch inputs. 


Bus Control 
Signals 
The 82288 bus controller provides control signals; 
address latch enable (ALE), ReadlWrite commands, 
data transmit/receive 
(DTIR), 
and data enable 


(DEN) that control the address latches, data trans- 
ceivers, write enable, and output enable for memory 
and 1/0 systems. 


The Address Latch Enable (ALE) output determines 
when the address may be latched. ALE provides at 
least one system CLK period of address hold time 
from the end of the previous bus operation until the 
address for the next bus operation appears at the 
latch outputs. This address hold time is required to 
support MULTIBUS and common memory systems. 


The data bus transceivers are controlled by 82288 
outputs Data Enable (DEN) and Data Transmit/Re- 
ceive (DTIR). DEN enables the data transceivers; 
while DTIR controls tranceiver direction. DEN and 
DTIR are timed to prevent bus contention between 
the bus master, data bus transceivers, and system 
data bus transceivers. 


Command 
Timing Controls 


Two system timing customization options, command 
extension and command delay, are provided on the 
80286 local bus. 


Command extension allows additional time for exter- 
nal devices to respond to a command and is analo- 
gous to inserting wait states on the 8086. External 
logic can control the duration of any bus operation 
such that the operation is only as long as necessary. 
The READY input signal can extend any bus opera- 
tion for as long as necessary. 


Command delay allows an increase of address or 
write data setup time to system bus command active 
for any bus operation by delaying when the system 
bus command becomes active. Command delay is 
controlled by the 82288 CMDLY input. After Ts, the 
bus controller samples CMDLY at each failing edge 
of CLK. If CMDLY is HIGH, the 82288 will not acti- 
vate the command signal. When CMDLY is LOW, 
the 82288 will activate the command signal. After 
the command becomes active, the CMDLY input is 
not sampled. 


When a command is delayed, the available reo 
sponse time from command active to return read 
data or accept write data is less. To customize sys- 
tem bus timing, an address decoder can determine 
which bus operations require delaying the com- 
mand. The CMDLY ir.!Putdoes not affect the timing 
of ALE, DEN, or DTIA. 
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Figure 24. CMDLY Controls the Leading Edge of Command Signal 


Figure 24 illustrates four uses of CMDl Y. Example 1 
of the READY signal, thereby requiring READY be 
shows delaying the read command two system 
synchronous to the system clock. 
ClKs for cycle N-1 and no delay for cycle N, and 
example 2 shows delaying the read command one 
system ClK for cycle N-1 and one system ClK de- 
lay for cycle N. 


Bus Cycle Termination 
At maximum transfer rates, the 80286 bus alternates 
between the status and command states. The bus 
status signals become inactive after Ts so that they 
may correctly signal the start of the next bus opera- 
tion after the completion of the current cycle. No 
external indication of TC exists on the 80286 local 
bus. The bus master and bus controller enter Tc di- 
rectly after Ts and continue executing Tc cycles until 
terminated by READY. 


READY Operation 


The current bus master and 82288 bus controller 
terminate each bus operation simultaneously to 
achieve maximum bus operation bandwidth. Both 
are informed in advance by READY active (open- 
collector output from 82C284) which identifies the 
last TC cycle of the current bus operation. The bus 
master and bus controller must see the same sense 


Synchronous 
R,eady 


The 82C284 clock generator provides READY syn- 
chronization from both synchronous and asynchro- 
nous sources (see Figure 25). The synchronous 
ready input (SRDY) of the clock generator is sam- 
pled with the falling edge of ClK at the end of phase 
1 of each Tc. The state of SRDY is then broadcast to 
the bus master and bus controller via the READY 
output line. ' 


Asynchronous 
Ready 
Many systems have devices or subsystems that are 
asynchronous to the system clock. As a result, their 
ready outputs cannot be guaranteed to meet the 
82C284 SRDY setup and hold time requirements. 
But the 82C284 asynchronous ready input (ARDY) is 
designed to accept such signals. The ARDY input is 
sampled at the beginning of each TC cycle by 
82C284 synchronization logic. This provides one 
system ClK cycle time to resolve its value before 
broadcasting it to the bus master and bus controller. 
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(SEE NOTE 3.) 


NOTES: 
1. SRDYEN 
is active 
low. 


2. If SRDYEN 
is high, the state of SRDY will no affect 
READY. 
3. ARDYEN 
is active 
low. 


ARDY or ARDYEN 
must be HIGH at the end of Ts. 
ARDY cannot 
be used to terminate 
bus cycle with no 


wait states. 


Each ready input of the 82C284 
has an enable 
pin 


(SRDYEN 
and ARDYEN) 
to select 
whether 
the cur- 


rent bus operation 
will be terminated 
by the synchro- 


nous or asynchronous 
ready. Either of the ready in- 


puts may terminate 
a bus operation. 
These 
enable 


inputs are active 
low and have the same timing 
as 


their respective 
ready inputs. Address 
decode 
logic 


usually 
selects 
whether 
the 
current 
bus operation 


should 
be terminated 
by ARDY or SRDY. 


Figures 
26, 27, and 28 show 
how the DTIR, DEN, 
data bus, and address 
signals 
operate 
for different 


combinations 
of read, write, and idle bus operations. 
DTIR goes active (LOW) for a read operation. 
DTIR 


remains 
HIGH before, during, and between 
write op- 


erations. 


The 
data 
bus is driven 
with 
write 
data 
during 
the 


second 
phase 
of Ts. The delay in write data timing 


allows 
the read data drivers, 
from 
a previous 
read 


cycle, sufficient 
time to enter 3-state 
OFF before the 


80286 
CPU 
begins 
driving 
the 
local 
data 
bus 
for 


write operations. 
Write data will always 
remain valid 


for one system clock past the last Tc to provide suffi- 
cient hold time for Multibus 
or other similar memory 


or I/O 
systems. 
During 
write-read 
or write-idle 
se- 


quences 
the data bus enters 3-state 
OFF during the 


second 
phase 
of the processor 
cycle 
after the last 


Tc. In a write-write 
sequence 
the data bus does not 


enter 3-state 
OFF between 
Tc and Ts. 


The 80286 
local bus may be used for several 
func- 


tions: 
instruction 
data 
transfers, 
data 
transfers 
by 


other 
bus 
masters, 
instruction 
fetching, 
processor 


extension 
data transfers, 
interrupt 
acknowledge, 
and 


halt/shutdown. 
This section 
describes 
local bus ac- 


tivities which 
have special 
signals 
or requirements. 
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Figure 28. Back to Back Write-Write 
Cycles 


cycles 
other 
than 
Interrupt-Acknowledge 
cycles, 


Lock will be active 
for the first and subsequent 
cy- 


cles of a series of cycles to be locked. 
Lock will not 


be shown 
active 
during the last cycle to be locked. 


For the next-to-Iast 
cycle, Lock will become 
inactive 


at the end of the first Tc regardless 
of the number 
of 


wait-states 
inserted. 
For Interrupt-Acknowledge 
cy- 


cles, Lock will be active for each cycle, and will be- 
come inactive 
at the end of the first Tc for each cy- 


cle regardless 
of the number of wait-states 
inserted. 


HOLD AND HLDA allow another 
bus master to gain 


control 
of the local bus by placing the 80286 bus into 


the Th state. 
The 
sequence 
of events 
required 
to 


pass control 
between 
the 80286 
and another 
local 


bus master 
are shown 
in Figure 29. 


In this example, 
the 80286 
is initially 
in the Th state 


as signaled 
by HLDA being active. 
Upon leaving Th, 


as signaled 
by HLDA going 
inactive, 
a write opera- 


tion 
is started. 
During 
the 
write 
operation 
another 


local 
bus 
master 
requests 
the 
local 
bus from 
the 


80286 as shown 
by the HOLD signal. After complet- 


ing the write 
operation, 
the 80286 
performs 
one Tj 


bus cycle, 
to guarantee 
write 
data 
hold time, 
then 


enters 
Th as signaled 
by HLDA going active. 


The 
CMDL Y signal 
and 
ARDY 
ready 
are used 
to 


start and stop the write bus command, 
respectively. 


Note 
that 
SRDY 
must 
be 
inactive 
or disabled 
by 


SRDYEN 
to guarantee 
ARDY will terminate 
the cy- 


cle. 


HOLD 
must not be active 
during the time from the 


leading 
edge of RESET 
until 34 CLKs following 
the 


trailing 
edge of RESET. 


Lock 


The CPU asserts 
an active 
lock signal during 
Inter- 


rupt-Acknowledge 
cycles, the XCHG instruction, 
and 


during 
some 
descriptor 
accesses. 
Lock 
is also as- 


serted 
when 
the 
LOCK 
prefix 
is used. 
The 
LOCK 


prefix 
may be used with the following 
ASM-286 
as- 


sembly instructions; 
MOVS, INS, and OUTS. For bus 


Instruction 
Fetching 


The 
80286 
Bus 
Unit 
(BU) 
will 
fetch 
instructions 


ahead of the current instruction 
being executed. 
This 


activity is called prefetching. 
It occurs when the local 


bus would otherwise 
be idle and obeys the following 


rules: 


A prefetch 
bus operation 
starts 
when 
at least 
two 


bytes of the 6-byte prefetch 
queue are empty. 


The 
prefetcher 
normally 
performs 
word 
prefetches 


independent 
of the byte alignment 
of the code seg- 


ment base in physical 
memory. 


The prefetcher 
will perform 
only a byte code 
fetch 


operation 
for control 
transfers 
to an instruction 
be- 


ginning 
on a numerically 
odd physical 
address. 


Prefetching 
stops 
whenever 
a control 
transfer 
or 


HLT instruction 
is decoded 
by the IU and placed into 


the instruction 
queue. 


In real address 
mode, the prefetcher 
may fetch up to 


6 bytes beyond 
the last control 
transfer 
or HLT in- 


struction 
in a code segment. 


In protected mode, the prefetcher will never cause a 
segment overrun exception. The prefetcher stops at 
the last physical memory word of the code segment. 
Exception 13 will occur if the program attempts to 
execute beyond the last full instruction in the code 
segment. 


If the last byte of a code segment appears on an 
even physical memory address, the prefetcher will 
read the next physical byte of memory (perform a 
word code fetch). The value of this byte is ignored 
and any attempt to execute it causes exception 13. 
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NOTES: 
1. Status lines are not driven~0286, 
yet remain high due to pullup resistors in 82288 and 82289 during HOLD state. 


2. Address, M/iO and COD/INTA may start floating during any Tc depending on when internal 80286 bus arbiter de- 
cides to release bus to external HOLD. The float starts in </>2 of Tc. 
3. SHE and I:OCK may start floating after the end of any Tc depending on when internal 80286 bus arbiter decides to 
release bus to external HOLD. The float starts in </>1 of Tc. 
4. The minimum HOLD to HLDA time is shown. Maximum is one TH longer. 
5. The earliest HOLD time is shown. It will always allow a subsequent memory cycle if pending is shown. 
6. The minimum HOLD to HLDA time is shown. Maximum is a function of the instruction, type of bus cycle and other 
machine state (i.e., Interrupts, Waits, Lock, etc.). 
7. Asynchronous ready allows termination of the cycle. Synchronous ready does not signal ready in this example. Syn- 
chronous ready state is ignored after ready is signaled via the asynchronous input. 
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The processor extension interface uses I/O port ad- 
dresses 00F8(H), OOFA(H),and OOFC(H)which are 
part of the 1/0 port address range reserved by Intel. 
An ESC instruction with Machine Status Word bits 
EM = 0 and TS = 0 will perform 1/0 bus operations 
to one or more of these I/O port addresses indepen- 
dent of the value of 10PL and CPL. 


ESC instructions with memory references enable the 
CPU to accept PEREa inputs for processor exten- 
sion operand transfers. The CPU will determine the 
operand starting address and readlwrite status of 
the instruction. For each operand transfer, two or 
three bus operations are performed, one word trans- 
fer with I/O port address OOFA(H)and one or two 
bus operations with memory. Three bus operations 
are required for each word operand aligned on an 
odd byte address. 


NOTE: 
Odd-aligned numerics operands should be avoided 
when using an 80286 system running six or more 
memory-write wait states. The 80286 can generate 
an incorrect numerics address if all the following 
conditions are met: 
- 
Two floating point (FP) instructions are fetched 
and in the 80286 queue. 
- 
The first FP instruction is any floating point store 
except FSTSW AX. 
- 
The second FP instruction accesses memory. 
- 
The operand of the first instruction is aligned on 
an odd memory address. 
- 
Six or more wait states are inserted during either 
of the last two memory write (odd aligned oper- 
ands are transferred as two bytes) transfers of 
the first instruction. 


The second FP operand's address will be incre- 
mented by one if these conditions are met. These 
conditions are most likely to occur in a multi-master 
system. For a hardware solution, contact your local 
Intel representative. 


Commands to the numerics coprocessor should not 
be delayed by nine or more T-states. Excessive 
(nine or more) command-delays can cause the 
80286 and 80287 to lose synchronization. 


Interrupt 
Acknowledge 
Sequence 


Figure 30 illustrates an interrupt acknowledge se- 
quence performed by the 80286 in response to an 


INTR input. An interrupt acknowledge sequence 
consists of two INTA bus operations. The first allows 
a master 8259A Programmable Interrupt Controller 
(PIC) to determine which if any of its slaves should 
return the interrupt vector. An eight bit vector is read 
on 00-07 
of the 80286 during the second INTA bus 


operation to select an interrupt handler routine from 
the interrupt table. 


The Master Cascade Enable (MCE) signal of the 
82288 is used to enable the cascade address driv- 
ers, during INTA bus operations (See Figure 30), 
onto the local address bus for distribution to slave 
interrupt controllers via the system address bus. The 
80286 emits the LOCK signal (active LOW) during Ts 
of the first INTA bus operation. A local bus "hold" 
request will not be honored until the end of the sec- 
ond INTA bus operation. 


Three idle processor clocks are provided by the 
80286 between INTA bus operations to allow for the 
minimum INTA to INTA time and CAS (cascade ad- 
dress) out delay of the 8259A. The second INTA bus 
operation must always have at least one extra Tc 
state added via logic controlling READY. This is 
needed to meet the 8259A minimum INTA pulse 
width. 


Local Bus Usage Priorities 


The 80286 local bus is shared among several inter- 
nal units and external HOLD requests. In case of 
simultaneous requests, their relative priorities are: 


Any transfers which assert LOCK either 
explicitly (via the LOCK instruction prefix) 
or implicitly (i.e. some segment descriptor 
accesses, 
interrupt 
acknowledge 
se- 


quence, or an XCHG with memory). 
The second of the two byte bus opera- 
tions required for an odd aligned word op- 
erand. 
The second or third cycle of a processor 
extension data transfer. 
Local bus request via HOLD input. 
Processor extension data operand trans- 
fer via PEREa input. 


Data transfer performed by EU as part of 
an instruction. 
An instruction prefetch request from BU. 
The EU will inhibit prefetching two proc- 
essor clocks in advance of any data 
transfers to minimize waiting by EU for a 
prefetch to finish. 
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NOTES: 
1. Data is ignored, 
upper 
data bus, 08-015, 
should 
not change 
state during this time. 


2. First INTA cycle 
should 
have at least one wait state 
inserted 
to meet 8259A 
minimum 
INTA pulse width. 


3. Second 
INTA cycle 
should 
have at least one wait state inserted 
to meet 8259A 
minimum 
INTA pulse width. 


4. LOCK 
is active 
for the first INTA cycle 
to prevent 
the 82289 
from 
releasing 
the bus between 
INTA cycles 
in a multi- 


master 
system. 
LOCK is also active 
for the second 
INTA cycle. 


5. A23-AO 
exits 3-state 
OFF during 
4>2of the second 
Tc in the INTA cycle. 


6. Upper data bus should 
not change 
state during 
this time. 


Halt or Shutdown Cycles 


The 
80286 
externally 
indicates 
halt 
or 
shutdown 
conditions 
as a bus operation. 
These conditions 
oc- 


cur due to a HLT instruction 
or multiple 
protection 
exceptions 
while attempting 
to execute 
one instruc- 


tion. A halt or shutdown 
bus operation 
is signalled 
when S1, SO and COD/INTA 
are LOW and MilO 
is 
HIGH. 
A1 HIGH 
indicates 
halt, 
and 
A1 LOW 
indi- 


cates shutdown. 
The 82288 
bus controller 
does not 


issue ALE, nor is READY required to terminate 
a halt 


or shutdown 
bus operation. 


During 
halt 
or shutdown, 
the 
80286 
may 
service 


PEREQ 
or HOLD 
requests. 
A processor 
extension 


segment 
overrun 
exception 
during shutdown 
will in- 


hibit further service of PEREQ. Either NMI or RESET 
will force 
the 80286 
out of either 
halt or shutdown. 


An INTR, 
if interrupts 
are enabled, 
or a processor 


extension 
segment 
overrun 
exception 
will also force 


the 80286 out of halt. 
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The versatile bus structure of the 80286 microsys- 
tern, with a full complement of support chips, allows 
flexible configuration of a wide range of systems. 
The basic configuration, shown in Figure 31, is simi- 
lar to an 8086 maximum mode system. It includes 
the CPU plus an 8259A interrupt controller, 82C284 
clock generator, and the 82288 Bus Controller. 


As indicated by the dashed lines in Figure 31, the 
ability to add processor extensions is an integral fea- 
ture of 80286 microsystems. The processor exten- 
sion interface allows external hardware to perform 
special functions and transfer data concurrent with 
CPU execution of other instructions. Full system in- 
tegrity is maintained because the 80286 supervises 
all data transfers and instruction execution for the 
processor extension. 


The 80287 has all the instructions and data types of 
an 8087. The 80287 NPX can perform numeric cal- 
culations and data transfers concurrently with CPU 
program execution. Numerics code and data have 
the same integrity as all other information protected 
by the 80286 protection mechanism. 


The 80286 can overlap chip select decoding and ad- 
dress propagation during the data transfer for the 
previous bus operation. This information is latched 
by-ALE during the middle of a Ts cycle. The latched 
chip select and address information remains stable 
during the bus operation while the next cycle's ad- 
dress is being decoded and propagated into the sys- 
tem. Decode logic can be implemented with a high 
speed bipolar PROM. 


The optional decode logic shown in Figure 31 takes 
advantage of the overlap between address and data 
of the 80286 bus cycle to generate advanced mem- 
ory and IO-select signals. This minimizes system 
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performance degradation caused by address propa- 
gation and decode delays. In addition to selecting 
memory and I/O. the advanced selects may be used 
with configurations supporting local and system bus- 
es to enable the appropriate bus interface for each 
bus cycle. The COD/INTA and M/IO signals are ap- 
plied to the decode logic to distinguish between in- 
terrupt, I/O, code and data bus cycles. 


By adding the 82289 bus arbiter chip. the 80286 pro- 
vides a MUl TIBUS system bus interface as shown 
in Figure 32. The ALE output of the 82288 for the 


MUl TIBUS bus is connected to its CMDl Y input to 
delay the start of commands one system ClK as 
required to meet MUl TIBUS address and write data 
setup times. This arrangement will add at least one 
extra Testate to each bus operation which uses the 
MULTIBUS. 


A second 82288 bus controller and additional latch- 
es and transceivers could be added to the local bus 
of Figure 32. This configuration allows the 80286 to 
support an on-board bus for local memory and pe- 
ripherals. and the MUl TIBUS for system bus inter- 
facing. 
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initialization 
of RAM, and read/modify/write 
cycles. 
The 8207 
combined 
with the 8206 
Error Checking 
and Correction 
memory 
controller 
provide 
for single 
bit error correction. 
The dual-ported 
memory 
can be 
combined 
with 
a standard 
MUL TIBUS 
system 
bus 
interface 
to maximize 
performance 
and protection 
in 
multiprocessor 
system 
configurations. 


Figure 33 shows the addition 
of dual ported dynamic 
memory 
between 
the 
MUL TIBUS 
system 
bus and 
the 80286 
local bus. The dual port interface 
is pro- 
vided 
by the 8207 Dual Port DRAM Controller. 
The 
8207 runs synchronously 
with the CPU to maximize 
throughput 
for local memory 
references. 
It also arbi- 
trates 
between 
requests 
from the local and system 
buses 
and 
performs 
functions 
such 
as 
refresh, 


Table 
16.80286 
Systems 
Recommended 
Pull Up Resistor 
Values 


80286 
Pin and Name 
PullupValue 
Purpose 
4-51 


5-S0 
20 KD. ±10% 
Pull SO, Sl , and PEACK inactive 
during 80286 
hold periods(1) 


6--PEACK 


63-READY 
910D. ±5% 
Pull READY inactive 
within reqUired minimum 
time (CL = 150 pF, 
IR';; 
7mA) 


NOTE: 
1. PUll-Up resistors 
are not required 
on SO and Sl when the corresponding 
pins of the 82C284 
are connected 
to SO and Sl. 


121CETM·286System 
Design 
Considerations 


One of the advantages 
of using the 80286 is that full 
in-circuit 
emulation 
debugging 
support 
is provided 
through 
the 
121CE system 
80286 
probe. 
To 
utilize 
this powerful 
tool it is necessary 
that the system de- 
signer 
be 
aware 
of 
a few 
minor 
parametric 
and 


functional 
differences 
between 
the 80286 and 121CE 
system 
80286 
probe. 
The 
121CEdata 
sheet 
(121CE 
Integrated 
Instrumentation 
and 
In-Circuit 
Emulation 
System, 
order 
# 210469) 
contains 
a detailed 
de- 
scription 
of these design considerations. 
It is recom- 
mended 
that 
this 
document 
be 
reviewed 
by 
the 
80286 system 
designer 
to determine 
whether 
or not 
these 
differences 
affect 
his design. 
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•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under 
Bias 
.... 
DOC to + 7DoC 


Storage 
Temperature 
- 
65°C 
to + 15DoC 


Voltage 
on Any 
Pin with 
Respect 
to Ground 
............•. 
-1.DV 
to + 7V 


Power 
Dissipation 
3.3W 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


Icc 
Supply Current 
(O"C Turn On) 
600 
mA 
(Note 1) 


CCLK 
CLK Input Capacitance 
20 
pF 
(Note 2) 


CIN 
Other Input Capacitance 
10 
pF 
(Note 2) 


Co 
Input/Output 
Capacitance 
20 
pF 
(Note 2) 


NOTES: 
1. Tested 
at worst 
case load and maximum 
frequency. 
2. These 
are not tested. 
They are guaranteed 
by design 
characterization. 


D.C. CHARACTERISTICS 
(VCC = 
5V ± 5%, 
T CASE = DOC to + 85°C)· 
Tested 
at the 
minimum 
operating 
frequency 
of the 
part. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


VIL 
Input LOW Voltage 
-0.5 
0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
Vcc 
+0.5 
V 


VILC 
CLK Input LOW Voltage 
-0.5 
0.6 
V 


VIHC 
CLK Input HIGH Voltage 
3.8 
VCC +0.5 
V 


VOL 
Output 
LOW Voltge 
0.45 
V 
IOL = 2.0mA 


VOH 
Output 
HIGH Voltage 
2.4 
V 
IOH = -400.0 
J.'A 


III 
Input Leakage 
Current 
±10 
J.'A 
OV,.;; VIN";; 
Vcc 


ILCR 
Input CLK, RESET Leakage 
Current 
±10 
J.'A 
0.45 ,.;;VIN ,.;;Vcc 


ILCR 
Input CLK, RESET Leakage 
Current 
±1 
mA 
0,.;; VIN < 0.45 


IlL 
InPst Sustaininga:urrent 
on 
30 
500 
J.'A 
VIN = OV 
BU 
Y and ERR 
R Pins 


ILO 
Output 
Leakage 
Current 
,. 
, 
±10 
J.'A 
0.45 ,.;;Your 
,.;;VCC 


ILO 
Output 
Leakage 
Current 
±1 
mA 
o ,.;;Your 
< 0.45 
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A.C. CHARACTERISTICS 
(Vcc = SV ± 5%, TCASE = O°C to + 85°C)' 


AC timings 
are referenced 
to O.8V and 2.0V points 
of signals 
as illustrated 
in datasheet 
waveforms, 
unless 
otherwise 
noted. 


6MHz 
8MHz 
10 MHz 
12.5 MHz 


Symbol 
Parameter 


(Preliminary) 


Unit 
Test Condition 
-6 
-6 
-8 
-8 
-10 
-10 
·12 
-12 
Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


1 
System 
Clock (CLK) Period 
83 
250 
62 
250 
50 
250 
40 
250 
ns 


2 
System 
Clock (CLK) LOW Time 
20 
225 
15 
225 
12 
232 
11 
237 
ns 
at 1.0V 


3 
System 
Clock (CLK) HIGH Time 
25 
230 
25 
235 
16 
239 
13 
239 
ns 
at3.6V 


17 
System 
Clock (CLK) Rise Time 
10 
10 
8 
- 
8 
ns 
1.0V to 3.6V, 
(Note 7) 


18 
System 
Clock (CLK) Fall Time 
10 
10 
8 
- 
8 
ns 
3.6V to 1.0V, 
(Note 7) 


4 
Asynch. 
Inputs Setup Time 
30 
20 
20 
15 
ns 
(Note 1) 


5 
Asynch. 
Inputs Hold Time 
30 
20 
20 
15 
ns 
(Note 1) 


6 
RESET Setup Time 
33 
28 
23 
18 
ns 


7 
RESET Hold Time 
5 
5 
5 
5 
ns 


8 
Read Data Setup Time 
20 
10 
8 
5 
ns 


9 
Read Data Hold Time 
8 
8 
8 
6 
ns 


10 
READY Setup Time 
50 
38 
26 
22 
ns 


11 
READY 
Hold Time 
35 
25 
25 
20 
ns 


12 
Status/PEACK 
Valid Delay 
1 
55 
1 
40 
- 
- 
- 
- 
ns 
(Notes 
2, 3) 


12a1 
Status Active 
Delay 
- - - - 
1 
22 
3 
18 
ns 
(Notes 
2, 3) 


12a2 
PEACK Active 
Delay 
- 
- 
- 
- 
1 
22 
3 
20 
ns 
(Notes 
2, 3) 


12b 
Status/PEACK 
Inactive 
Delay 
- 
- 
- 
- 
1 
30 
3 
22 
ns 
(Notes 
2, 3) 


13 
Address 
Valid Delay 
1 
80 
1 
60 
1 
35 
1 
32 
ns 
(Notes 2, 3) 


14 
Write Data Valid Delay 
0 
65 
0 
50 
0 
30 
0 
30 
ns 
(Notes 2, 3) 


15 
Address/Status/Data 
Float Delay 
0 
80 
0 
50 
0 
47 
0 
32 
ns 
(Notes 
2, 4, 7) 


16 
HLDA Valid Delay 
0 
80 
0 
50 
0 
47 
0 
27 
ns 
(Notes 
2, 3) 


19 
Address 
Valid To Status 
- 
38 
27 
22 
ns 
(Notes 
3, 5, 6) 
Valid Setup Time 


NOTES: 
1. Asynchronous 
inputs 
are 
INTR, 
NMI, 
HOLD, 
PEREa, 
ERROR, 
and 
BUSY. 
This 
specification 
is given 
only 
for testing 
purposes, 
to assure 
recognition 
at a specific 
CLK edge. 


2. Delay from 
1.0V on the CLK, to 0.8V or 2.0V or float on the output 
as appropriate 
for valid or floating 
condition. 


3. Output 
load: CL = 100 pF. 


4. Float condition 
occurs 
when 
output 
current 
is less than 
ILO in magnitude. 
5. Delay 
measured 
from 
address 
either 
reaching 
0.8V or 2.0V 
(valid) 
to status 
going 
active 
reaching 
2.0V or status 
going 
inactive 
reaching 
0.8V. 


6. For load capacitance 
of 10 pF or more on STATUS/PEACK 
lines. subtract 
typically 
7 ns for 8 MHz, 10 MHz and 12.5 MHz 
spec. 
7. These 
are not tested. 
They are guaranteed 
by design 
characterization. 


l 
CLI 


NOTE 8: 
AC Test Loading on Outputs 


NOTE 9: 
AC Drive and Measurement Points-CLK 
Input 


4.0Y 


CLKINPUT 


1.0Y 


O.45Y 


'HOLD 


2.4Y 


OTHER 
2.0Y 


DEYICE 
INPUT 


O.8Y 
O.45Y 


f-- 
'DELAY 


2.0Y 


O.8Y 


NOTE 10: 
AC Setup. Hold and Delay Time Measurement-General 
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82C284-6 
82C284-8 
82C284-10 
82C284-12 


Symbol 
Parameter 
(Advance) 
(Advance) 
(Advance) 
(Advance) 
Units 
Test 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


11 
SRDY fSRDYEN 
Setup Time 
25 
17 
15 
15 
ns 


12 
SRDY fSRDYEN 
Hold Time 
0 
0 
2 
2 
ns 


13 
ARDY f ARDYEN 
Setup Time 
5 
0 
0 
0 
ns 
(Note 1) 


14 
ARDY f ARDYEN 
Hold Time 
30 
30 
30 
25 
ns 
(Note 1) 


19 
PCLKDelay 
0 
45 
0 
45 
0 
35 
0 
23 
ns 
CL = 75pF 
IOL=5mA 


-- 
'OH = 
-1 
mA 


NOTE 
1: 
These 
times 
are given for testing 
purposes 
to assure 
a predetermined 
action. 


82288-6 
82288-8 
82288-10 
82288-12 


Symbol 
Parameter 
(Preliminary) 
Units 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 
ConditIons 


12 
CMDL Y Setup Time 
25 
20 
15 
15 
ns 


13 
CMDL Y Hold Time 
1 
1 
1 
1 
ns 


30 
Command 
Delay 
Command 
Inactive 
5 
30 
5 
20 
5 
20 
5 
20 
CL = 300 pF max 
fromCLK 
ns 
IOL = 32 mA max 
29 
Command 
Active 
3 
40 
3 
25 
3 
21 
3 
21 
IOH = 
-5mAmax 


16 
ALE Active 
Delay 
3 
25 
3 
20 
3 
16 
3 
16 
ns 


17 
ALE Inactive 
Delay 
35 
25 
19 
19 
ns 


19 
DT fR Read Active 
Delay 
40 
25 
23 
23 
ns 
CL = 
150pF 
22 
DT fR Read Inactive 
Delay 
5 
45 
5 
35 
5 
20 
5 
18 
ns 
IOL = 
16 mA max 
20 
DEN Read Active 
Delay 
5 
50 
5 
35 
5 
21 
5 
21 
ns 
IOH = 
-1 
mA max 
21 
DEN Read Inactive 
Delay 
3 
40 
3 
35 
3 
21 
3 
19 
ns 


23 
DEN Write Active 
Delay 
35 
30 
23 
23 
ns 


24 
DEN Write Inactive 
Delay 
3 
35 
3 
30 
3 
19 
3 
19 
ns 


inter 


A2.-Ao 


~ 
lI/iO. 
COO/INTA 
~ 


REAOY 


--- 
SRDY+SRDYEN 


--- 
AROY+ARDYEN 


PClK 


ALE 


ClIOLY 


lIWTC 
..::l 
...•.. 
lIROC 


OT/i! 


OEN 


READ CYCLE 
ILLUSTRATEO WITH ZERO 
WAIT STATES 


T5 
TC 


WRITE CYCLE 


ILLUSTRATED 
WITH 
ONE 
WAIT STATE 


TS 
Te 


NOTE: 
1. The modified 
timing 
is due to the CMDL Y signal being active. 


inter 


WAVEFORMS 
(Continued) 


80286 
ASYNCHRONOUS 


INPUT 
SIGNAL 
TIMING 


80286 
RESET 
INPUT 
TIMING 
AND 


SUBSEQUENT 
PROCESSOR 
CYCLE 
PHASE 


NOTES: 
1. PClK indicates which processor cycle phase will occur 
on the next ClK. PClK may not indicate the correct phase 
until the first bus cycle is performed. 
2. These inputs are asynchronous. The setup and hold 
times shown assure recognition for testing purposes. 


NOTE: 
When RESET meets the setup time shown. the next ClK 
will start or repeat </>2of a processor cycle. 


PEACK 


SHE LOCK 
(SEE NOTE 5.) 
F0' 
23 w~ 
- - -- 
--- 
- -- 
-- 
- 
VALID 


COD/INTA 


@ t(SEE 
NOTE 1.) 


:»»»»f 
--------------------- 


-I @r-:(~'''~ 
,.) 


ALiD 
{WRITE »») 
--- --- ---- -- -- -- ----- 


~[ 
PCLK 
1 


NOTES: 
1. These signals may not be driven by the 80286 during the time shown. The worst case in terms of latest float time is 
shown. 
2. The data bus will be driven as shown if the last cycle before TI in the diagram was a write TC. 
3. The 80286 floats its status pins during TH. External 20 Kfi resistors keep these signals high (see Table 16). 
4. For HOLD request set up to HlDA, refer to Figure 29. 
5. SHE and LOCK are driven at this time but will not become valid until Ts. 
6. The data bus will remain in 3-state OFF if a read cycle is performed. 


3-43 


inter 


WAVEFORMS 
(Continued) 


80286 
PEREQ/PEACK 
TIMING 
FOR ONE TRANSFER 
ONLY 


NOTES: 
1. PEACK 
always 
goes active 
during 
the first bus operation 
of a processor 
extension 
data operand 
transfer 
sequence. 
The 
first bus operation 
will be either 
a memory 
read at operand 
address 
or I/O 
read at port address 
OOFA(H). 


2. To prevent 
a second 
processor 
extension 
data operand 
transfer, 
the worst 
case 
maximum 
time 
(Shown 
above) 
is: 3x 


<D-12a2max.-@min 
.. The actual, 
configuration 
dependent, 
maximum 
time is: 3X <D-12a2max.-@min. 
+ AX2x 
<D. 
A is the number 
of extra Tc states 
added 
to either the first or second 
bus operation 
of the processor 
extension 
data operand 
transfer 
sequence. 


NOTES: 
1. Setup 
time for RESET t 
may be violated 
with the consideration 
that 
<1>1of the processor 
clock 
may begin 
one system 
ClK 
period 
later. 
2. Setup 
and hold times 
for RESET 
J. must be met for proper 
operation, 
but RESET 
J. may occur 
during 
<1>1or <1>2. 
3. The data bus is only guaranteed 
to be in 3-state 
OFF at the time shown. 


I 
I 
I 
LOW DtSPIOATA 
I 
HIGH DtSPIOATA 
I 
LOW OATA 
HIGH OATA 
I 


-------._------~-------~-------~ 


REGISTER 
OPEAANOIAEGISTEAS 
TO USE IN OFFSET 
CALCULATION 


REGISTER OPERANDIEXTENSIOH OF DPCDDE 
REGlSTEA 
MOO£IIIEIIORY 
MODE WITH DISPlACEMENT 
LENGTH 


WORDIBYTE OPERATION 
DIRECTION IS TO REGlSTERilllRECTION 
IS ~ 
REGIST£R 


OPERATION (INSTRUCTION) CODE 


7154'2117"431101'14J21, 
I 


I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
~--::~:-~-~::~:-~ 


LONG ~DDE 
mod 
reg 
,,'" 
I 
I 
-----~----- 
------- .•._------~ 


Instruction 
Timing Notes 


The instruction clock counts listed below establish 
the maximum execution rate of the 80286. With no 
delays in bus cycles, the actual clock count of an 
80286 program will average 5% more than the cal- 
culated clock count, due to instruction sequences 
which execute faster than they can be fetched from 
memory. 


To 
calculate 
elapsed 
times 
for 
instruction 
se- 


quences, multiply the sum of all instruction clock 
counts, as listed in the table below, by the processor 
clock period. An 8 MHz processor clock has a clock 
period of 125 nanoseconds and requires an 80286 
system clock (CLK input) of 16 MHz. 


1. The instruction has been prefetched, decoded, 
and is ready for execution. Control transfer in- 
struction clock counts include all time required to 
fetch, decode, and prepare the next instruction for 
execution. 
2. Bus cycles do not require wait states. 
3. There are no processor extension data transfer or 


local bus HOLD requests. 
4. No exceptions occur during instruction execution. 


Instruction 
Set Summary Notes 


Addressing displacements selected by the MOD 
field are not shown. If necessary they appear after 
the instruction fields shown. 


Above/below refers to unsigned value 
Greater refers to positive signed value 
Less refers to less positive (more negative) signed 
values 
if d = 1 
then to register; if d = 0 then from register 


if w = 1 then word instruction; if w = 0 then byte 


instruction 
if s = 0 
then 16-bit immediate data form the oper- 
and 
if s = 1 
then an immediate data byte is sign-ex- 
tended to form the 16-bit operand 


x 
don't care 
z 
used for string primitives for comparison with 
ZF FLAG 


If two clock counts are given, the smaller refers to a 
register operand and the larger refers to a memory 
operand 
• = 
add one clock if offset calculation requires 
summing 3 elements 
n = 
number of times repeated 


m = 
number of bytes of code in next instruction 


Level (L)-Lexical·nesting 
level of the procedure 


intJ 


The following comments describe possible excep- 
tions, side effects, and allowed usage for instruc- 
tions in both operating modes of the 80286. 


REAL ADDRESS 
MODE ONLY 


1. This is a protected mode instruction. Attempted 


execution in real address mode will result in an 
undefined opcode exception (6). 


2. A segment overrun exception (13) will occur if a 


word operand reference at offset FFFF(H) is at- 
tempted. 
3. This instruction may be executed in real address 


mode to initialize the CPU for protected mode. 
4. The IOPL and NT fields will remain O. 
5. Processor extension segment overrun interrupt 


(9) will occur if the operand exceeds the seg- 
ment limit. 


EITHER 
MODE 
6. An exception may occur, depending on the value 


of the operand. 
7. LOCK is automatically asserted regardless of the 


presence or absence of the LOCK instruction 
prefix. 
8. LOCK does not remain active between all oper- 
and transfers. 


PROTECTED 
VIRTUAL 
ADDRESS 
MODE 
ONLY 


9. A general protection exception (13) will occur if 


the memory operand cannot be used due to ei- 
ther a segment limit or access rights violation. If 
a stack segment limit is violated, a stack seg- 
ment overrun exception (12) occurs. 
10. For segment load operations, the CPL, RPL, and 


OPL must agree with privilege rules to avoid an 
exception. The segment must be present to 
avoid a not-present exception (11). If the SS reg- 
ister is the destination, and a segment not-pres- 
ent violation occurs, a stack exception (12) oc- 
curs. 


11. All segment descriptor accesses in the GOT or 


LOT made by this instruction will automatically 
assert LOCK to maintain descriptor integrity in 
multiprocessor systems. 


12. JMP, CALL, INT, RET, IRET instructions refer- 


ring to another code segment will cause a gener- 
al protection exception (13) if any privilege rule is 
violated. 
13. A general protection exception (13) occurs if 


CPL * O. 


14. A general protection exception (13) occurs if 


CPL> 
IOPL. 


15. The IF field of the flag word is not updated if CPL 
> 
IOPL. The IOPL field is updated only if 


CPL = O. 


16. Any violation of privilege rules as applied to the 


selector operand do not cause a protection ex- 
ception; rather, the instruction does not return a 
result and the zero flag is cleared. 


17. If the starting address of the memory operand 


violates a segment limit, or an invalid access is 
attempted, a general protection exception (13) 
will occur before the ESC instruction is execut- 
ed. A stack segment overrun exception (12) will 
occur if the stack limit is violated by the oper- 
and's starting address. If a segment limit is vio- 
lated during an attempted data transfer then a 
processor extension segment overrun exception 
(9) occurs. 


18. The destination of an INT, JMP, CALL, RET or 


IRET instruction must be in the defined limit of a 
code segment or a general protection exception 
(13) will occur. 


inter 


CLOCK COUNT 
COMMENTS 


Rea' 


Protected 
Real 
Protected 
UNCTION 
FORMAT 
Virtual 
Vlrtua' 
Addre •• 
Add •••• 
Add •••• 
Addre •• 
Mode 
Mode 
Mode 
Mode 


AT A TRANSFER 
(Continued) 


.AHF Load AH with flags 
1 10011111 
1 
2 
2 


AHF - Stora AH into flags 
1 10011110 
1 
2 
2 


USHF = Push flags 
I 10011100 
I 
3 
3 
2 
9 


OPF - Pop flags 
I 10011101 
I 
5 
5 
2,4 
9,15 


RITHMETIC 


00 = Add: 


ag/mamory 
with ragister to either 
I OOOOOOdw 
I modrag 
rim I 
2,7' 
2,7' 
2 
9 


mmediate 
to register/memory 
1100000sw 
1 modOOO 
rim 
1 
data 
Idatahw 
= 011 
3,7' 
3,7' 
2 
9 


mmediata to accumulator 
10000010W 
1 
data 
I 
data ifw= 
1 
1 
3 
3 


DC - Add with carry: 


eg/memory 
w;th register to either 
10001 
OOdw 
1 modrag 
rim 
1 
2,7' 
2,7' 
2 
9 


mmediate to register/memory 
11 OOOOOsw 
1 mod01 
0 rim 
1 
data 
1dataifsw 
= 011 
3,7' 
3,7' 
2 
9 


mmediate 
to accumulator 
10001010wl 
data 
dataifw=l 
1 
3 
3 


NC = Increment: 


agister/memory 
I 11 11 11 1 w I mod 000 
rim I 
2,7' 
2,7' 
2 
9 


agister 
I 
01000rag 
I 
2 
2 


UB = Subtract: 


eg/memory 
and register to either 
100101 
Odw I modrag 
rim I 
2,7' 
2,7' 
2 
9 


mmediate from register/memory 
1 1 OOOOOsw I mod 1 01 
rim I 
data 
!dataifsw 
~ 011 
3,r 
3,7' 
2 
9 


mmediate from accumulator 
1 0010110wl 
data 
I 
dataifw=1 
I 
3 
3 


~BB = SUbtrect 
willi 
borrow: 


~eg/memory 
and register to either 
1 00011 
Odw 
I modrag 
rim 
I 
2,7' 
2,7' 
2 
9 


mmediate from register/memory 
1 1 OOOOOsw 
I mod011 
rim 
I 
data 
I dataifsw=01 
I 
3,7' 
3,7' 
2 
9 


mmediate from accumulator 
10001110wl 
data 
I 
dataifw-1 
1 
3 
3 


pEC ~ Decrement 


~egister/memory 
I l111111w 
Imod001 
r/ml 
2,7' 
2,7' 
2 
9 


~egister 
1 01001 
rag I 
2 
2 


pMP-Compare 


~egister Imemory with register 
10011101 
w lmodrag 
r/ml 
2,6' 
2,6' 
2 
9 


~egister with register/memory 
00111 
OOw 
Imodrag 
r/ml 
2,r 
2,7' 
2 
9 


mmediate with register/memory 
, OOOOOsw 
Imodl11 
r/ml 
data 
I dataifsw=01 
I 
3,6' 
3,6' 
2 
9 


mmediate with accumulator 
001111 
Ow I 
data 
I 
dataifw=1 
1 
3 
3 


NEG - Change sign 
1111011w 
Imod011 
r/ml 
2 
7' 
2 
9 


AAA - ASCII adjust for add 
00110111 
1 
3 
3 


OM = Decimal adjust for add 
00100111 
I 
3 
3 


CLOCK COUNT 
COMMENTS 


Real 
Protected 
Real 
Protected 


FORMAT 
Virtual 
Virtual 
Addresa 
Addresa 
Addresa 
Addresa 
Mode 
Mode 
Mode 
Mode 


00111111 
3 


00101111 
3 


,1"01'w 
Imodl00 
r/ml 


13 
13 


21 
21 


16' 
16' 
2 
9 


24' 
24' 
2 
9 


, " 
101'w 
Imodl0l 
r/ml 


13 
13 


21 
21 


16' 
16' 
2 


24' 
24' 
2 


011010.1 
Imod reg 
rlllll 
data 
datan •• 
0 
21,24' 
21,24' 
2 


1111011 
w ImOd 110 
r/ml 


MUl. =Integer 
Immecllate 
multiply 


eigned) 


agister-Byte 


agister-Word 


emory-Byte 


emory-Word 


1101000wimodnT 
'/ml 


1101001WlmodnT 
'/ml 


11 1 00000 
w ImodT1T 
'/ml 
oount 


14 
14 
6 
6 


22 
22 
6 
6 


17' 
17' 
2,6 
6,9 


25' 
25' 
2,6 
6,9 


17 
'7 
6 
6 


25 
25 
6 
6 


20' 
20' 
2,6 
6,9 


26' 
28' 
2,6 
6,9 


'6 
16 


'4 
14 


2 


2 


2,7' 
2,7' 
2 


5+n,8+0- 
5+n,8+0· 
2 


5+11,8+0' 
5+0" +p. 
2 


TTT 


000 


001 
010 
01' 
100 


101 


111 


Instruction 
ROL 
ROR 
RCL 
RCR 


SHLISAL 


SHR 


SAR 


CLOCK COUNT 
COMMENTS 


Real 
Protected 
Real 
Protected 
UNCTION 
FORMAT 
Virtual 


Addre •• 


Virtual 
Addre •• 


Mode 
Addre •• 
Mode 
Addre •• 


Mode 
Mode 


~RITHMETIC (Continued) 


"ND~And: 


~eg/memory 
and register to either 
I 001 OOOdw 
I mod reg 
rim 
I 
2,7' 
2,7' 
2 
9 


mmediate to register/memory 
11 OOOOOOw I mod 1 00 rim I 
data 
I 
dataifw=1 
I 
3,7' 
3,7' 
2 
9 


mmediate to accumulator 
10010010wl 
data 
I dataijw~1 
I 
3 
3 


EST = And function 
to flags, no result: 


Registerlmemory and register 
I 1000010w 
I mod reg 
rim 
I 
2,6- 
2,6' 
2 
9 


mmediate da~ and register/memory 
I 1 1 1 1 01 1 w I mod 0 0 0 rim 
I 
data 
I 
data ifw= 
1 
I 
3,6' 
3,6' 
2 
9 


mmediate data and accumulator 
I 1010100w 
I 
data 
I dataifw~1 
I 
3 
3 


PR = Or: 


Reg/memory 
and register to either 
100001 
Odw 
I mod reg 
rim I 
2,7' 
2,7' 
2 
9 


mmediate to register/memory 
I 1000000w 
I mod001 
rim I 
data 
I 
dataifw=1 
I 
3,7' 
3,7' 
2 
9 


mmediate to accumulator 
10000110wl 
data 
I dataifw=1 
I 
'3 
3 


iKOR~ Exclualve or: 


~eg/memory 
and register to either 
10011 
OOdw 
I modreg 
rim I 
2,7' 
2,7' 
2 
9 


mmediate to register/memory 
I 1000000w 
I mod 1 10 rim I 
data 
I 
dataifw= 
1 
I 
3,7' 
3,7' 
2 
9 


mmediate to accumulator 
I 0011010wl 
data 
IdataijW 
~ 1I 
3 
3 


~OT= 
Invert register/memory 
I 1 1 1 101 1 w I mod 0 10 rim 
I 
2,7' 
2,7' 
2 
9 


~TRING MANIPULATION: 


~OVS~ 
Move byte/word 
1010010w 
5 
5 
2 
9 


~MPS~ Compare byte/word 
1010011 
w 
8 
8 
2 
9 


~AS~SCan 
byte/word 
1010111 
w 
7 
7 
2 
9 


ODS= Load byte/wd to AU AX 
1010110w 
5 
5 
2 
9 


~TOS ~ Stor byte/wd from All A 
1010101w 
3 
3 
2 
9 


NS= InpUlbyte/wd from OX pOrt 
101101 
10w I 
5 
5 
2 
9,14 


Pu'rs = Output byte/wd to OX port 
10110111WI 
5 
5 
2 
9,14 


Repeated by count in ex 


It-tOVs=Movestring 
I 11110011 
I 1010010w 
I 
5+4n 
5+4n 
2 
9 


CUPS = Compare string 
I 1111001 
z I 1010011 
wi 
5+9" 
5+9n 
2,8 
8,9 


SCAS = Scan string 
I 1111001 
z I 1010111 
w 
5+8n 
5+8n 
2,8 
8,9 


ODS ~ Load string 
I 11110011 
I 1010110w 
5+4n 
5+4n 
2,8 
8,9 


IsTOS= Store string 
I 11 I 10011 
I 1010101 
w 
4+3n 
4+3n 
2,8 
8,9 


NS= InpUlSlmg 
I 11110011 
10110110w 
5+4n 
5+4n 
2 
9,14 


PuTS- Output string 
I 1 I I 10011 
10110111WI 
6+4n 
S+4n 
2 
9,14 


inter 


CLOCK COUNT 
COMMENTS 


Protected 


Real 
Protected 
FUNCTION 
FORMAT 
Real 
Virtual 
Virtual 


Addresa 
Addresa 


Addresa 
Addresa 


; 
Mode 
Mode 


Mode 
Mode 


!cONTROL 
TRANSFER 


!cALL 
~Call: 


Direct within segment 
I 11101000 
I 
disp-Iow 
I 
disp-high 
I 
7+m 
7+m 
2 
18 


Register/memory 
I 11111111 
Imod010 
r/ml 
7+m.11+m- 
7+m,11+m" 
2,8 
8,9,18 


°ndirect within segment 


Direct intersegment 
I 10011010 
I 
segment offset 
I 
13+m 
26+m 
2 
11,12,18 


Protected 
Mode Only (Direct 
Intereegment): 
I 
segment selector 
I 


Via call gate to same privilege level 
41+m 
8,11,12,18 


Via call gate to different privilege level, no parameters 
82+m 
8,11,12,18 


Via call gate to different privilege level, x parameters 
86 +4x+m 
8,11,12,18 


Via TSS 
177+m 
8,11,12,18 


Via task gate 
182+m 
8,11,12,18 


Indirect intersegment 
I 11111111 
Imod011 
r/ml 
(mod",11) 
16+m 
2g+m" 
2 
8,9,11,12,18 


Protected 
Mode Only (Indirect 
Intereegment): 


Via call gate to same privilege level 
44+m· 
8,9,11,12,18 


Via call gate to different privilege level, no parameters 
83 +m· 
8,9,11,12,18 


Via call gate to different privilege level, x parameters 
9O+4x +m· 
8,9,11,12,18 


ViaTSS 
180+m· 
8,9,11,12,18 


Via task gate 
185+m· 
8,9,11,12,18 


~MP = Unconditional 
Jump: 


~hortllong 
I 
11101011 
I 
disp.low 
I 
7+m 
7+m 
18 


Direct within segment 
I 
11101001 
I 
disp-Iow 
I 
disp-high 
I 
7+m 
7+ 
m 
18 


Register/memory 
indirect within segment 
I 
11111111 
Imod100 
rIm I 
7 +m,11+m· 
7+m,11+m- 
2 
9,18 


Direct intersegment 
I 
11101010 
I 
segment offset 
I 
11+m 
23+m 
11,12,18 


Protected 
Mode Only (Direct 
Inte •.•• gmentt. 
I 
segment selector 
I 


Via call gate to same privilege level 
38+m 
8,11,12,18 


ViaTSS 
175+m 
8,11,12,18 


Via task gate 
180+m 
8,11,12,18 


Indirect intersegment 
I 
11111111 
I mod 1 01 
r/ml 
(mod"'11) 
1S+m· 
26+m· 
2 
8,9,11,12,18 


Protected 
Mode Only (Indirect 
Intereegmenl): 


Via call gate to same privilege level 
41+m· 
8,9,11,12,18 


ViaTSS 
178+m· 
8,9,11,12,18 


Via task gate 
183+m· 
8,9,11,12,18 


RET ~ Return 
from CALL: 


Within segment 
I 11000011 
I 
11+m 
11+m 
2 
8,9,18 


!within seg adding immed to SP 
I 
11000010 
I 
data-low 
I 
data-high 
I 
11+m 
11+m 
2 
8,9,18 


Intersegment 
I 
11001011 
I 
15+m 
25+m 
2 
8,9,11,12,18 


Intersegment 
adding immediate to SP 
I 
11001010 
I 
data-low 
I 
data-high 
I 
15+m 
2 
8,9,11,12,18 


Protected 
Mode Only (RET): 


To different privilege level 
55+m 
9,11,12,18 


intJ 


CLOCK COUNT 
COMMENTS 


Protected 
Protected 
FUNCTION 
FORMAT 
Real 
Virtual 
Real 
Virtual 


Addre •• 
Add •••• 
Addr_ 
Addre •• 
Mode 
Mode 
Mode 
Mode 


CONTROL TRANSFER 
(Continued) 


JE/ JZ ~ Jump on equal zero 
01110100 
disp 
I 
7+mor3 
7+mor3 
18 


JLI JNGE ~ Jump on less/not greater or equal 
01111100 
disp 
I 
7+mor3 
7+mor3 
18 


JLE/JNG~Jump 
on less or equal/not greaier 
01111110 
disp 
I 
7+mor3 
7+mor3 
18 


J8/JNAE=Jump 
on below/not above or equal 
01110010 
disp 
I 
7+m 
or 3 
7+mor3 
18 


JBE/JNA ~ Jump on below or equal/not above 
01110110 
disp 
I 
7+m 
or3 
7+mor3 
18 


JP/JPE~Jump 
on parity/parity even 
I 
01111010 
disp 
I 
7+mor3 
7+mor3 
18 


JO = Jump on overflow 
I 
01110000 
disp 
I 
7 +mor3 
7+mor3 
18 


JS = Jump on sign 
I 01111000 
disp 
I 
7+mor3 
7+mor3 
18 


JNE/JNZ~Jump 
on not equal/not zero 
I 01110101 
disp 
7+mor3 
7+mor3 
18 


JNLI JGE = Jump on not lessl greater or equal 
I 01111101 
disp 
7+mor3 
7+mor3 
18 


JNLE/ JG ~ Jump on not less or equal/ greater 
I 01111111 
disp 
7+mor3 
7+mor3 
18 


JNB/JAE-Jump 
on not below/above or equal I 01110011 
disp 
7+mor3 
7+mor3 
18 


JNBE/ JA ~ Jump on not below or equail above I 01110111 
disp 
7+mor3 
7+mor3 
18 


JNP/JPO=Jump 
on not par/par odd 
I 
01111011 
disp 
7+mor3 
7+mor3 
18 


JNO = Jump on not overflow 
I 01110001 
disp 
7+mor3 
7+mor3 
18 


JNS=Jumpon 
not sign 
I 01111001 
disp 
7+mor3 
7+mor3 
18 


LOOP ~ Loop ex times 
I 11100010 
disp 
I 
8 +m or 4 
8+mor4 
18 


LOOPZ/LOOPE = Loop while zero/ equal 
I 
11100001 
disp 
I 
B+mor4 
8+mor4 
18 


LOOPNZ/LOOPNE ~ Loop while not zero/ equal I 
11100000 
disp 
I 
8+mor4 
8+mor4 
18 


JCXZ=Jump 
on ex zero 
I 
11100011 
disp 
I 
8+mor4 
8+mor4 
18 


I 
deta-low I data=high I 
I 
- 


ENTER = Enter Procedure 
11001000 
L 
2,8 
8.9 
L=O 
11 
11 
L=1 
15 
15 
2,8 
8.9 


L> 
1 
18+4(L 
-1) 
18+4(l- 
1) 
2,8 
8,9 


I 
I 


2,8 
8.9 
LEA VE ~ Leave ProcedUre 
11001001 
5 
5 


INT= Interrupt: 


Type specified 
I 
11001101 
I 
type I 
23+m 
2,7,8 


Type 3 
I 
11001100 
I 
23+m 
2,7,8 


INTO= 
Interrupt on overllow 
I 
11001110 
I 
24 +mor3 
2,6,8 


(3 ilno 
(3 il no 


interrupt) 
interrupt) 


inter 
80286 


80286 
INSTRUCTION 
SET SUMMARY 
(Continued) 


CLOCK COUNT 
COMMENTS 


Protected 
Protected 
UNCTION 
FORMAT 
Real 
Real 
Virtual 


Addreaa 
Virtual 
Addreaa 


Addre •• 
Addrea. 
Mode 
Mode 
Mode 
Mode 


rotected 
Mode Only: 


Via interrupt or trap gate to same privilege 
level 
40+ 
m 
7,8,11,12,18 


Via interrupt or trap gate to fit different 
privilege level 
78+ 
m 
7,8,11,12,18 


Via Task Gate 
167+m 
7,8,11,12,18 


11001111 
17+m 
31+ 
m 
2,4 
8,9,11,12,15,18 


55+m 
8,9,11,12,15,18 


169+m 
8,9,11,12,18 


01100010 
mod reg 
rIm I 
13' 
13' 
2.6 
8,8.9,11.12.18 


(Use INT clock 


counlff 
exception 5) 


11111000 
2 


11110101 
2 


11111001 
2 


11111100 


11111101 
2 


11111010 
14 


11111011 
2 
14 


11110100 
2 
13 


10011011 


11110000 
0 
0 
14 


-Clear 
task 8wtlched flag 
00001111 
00000110 
2 
2 
3 
13 


11011 
TTT 
mod LLL 
rIm I 
9-20' 
9-20' 
5,8 
8,17 


(TTT LLL are opcode to processor extension) 


001 reg 110 
0 


00001111 
00000001 
ImodOl0 
rIm 1 
11' 
II' 
2.3 
9,13 


OT - Store global d89Criptor table register 
00001111 
00000001 
ImodOOO 
rlml 
II' 
II' 
2.3 
9 


lOT - Load int8ITUpldescriptor table register 
00001111 
00000001 
ImodOll 
rIm 1 
12' 
12' 
2.3 
9,13 


DT= Store inlemlpl dellcriptor table register I OOOOt 
1 t t 
00000001 
ImodOOt 
rIm 1 
12' 
12' 
2.3 
9 


- Load local descriptor table register 
from regleter memory 
00001111 
00000000 
ImodOl0 
rIm 1 
17,19' 
9.11.13 


T = Store local descriptor table register 


to registerlmemory 
00001111 
00000000 
lmodooo 
rIm 1 
2,3' 
9 


Shaded 
areas indicate 
instructions 
not available 
in 8086. 88 microsystems. 


CLOCK COUNT 
COMMENTS 


Real 
Protected 
Real 
Protected 
FUNCTION 
FORMAT 
Virtual 
Virtual 
Addresa 
Address 
Addresa 
Addresa 
Mode 
Mode 
Mode 
Mode 


PROTECTION 
CONTROL 
(ContInued) 


LTR - Local task register 


from reglster/memOlY 
I 00001111 
I 
00000000 
ImodOll 
rIm I 
17,19' 
I 
9,11.13 


STR =Store task register 


to register memOl"f 
I 00001111 
I 
00000000 
I modOOl 
rIm I 
2.3' 
1 
9 


LMSW- 
Load machine statUll_ 


from reglster/memOl"f 
I 00001111 
I 00000001 
I modl10 
rIm I 
3,8' 
3.S' 
2.3 
9,t3 


SMSW - Store machl1le status WOl'd 
I 00001111 
I 00000001 
Imodl00 
rIm I 
2,3' 
2.3· 
2.3 
9 


LAR - Load access nghts 


from registerlmemory 
I 00001111 
I 00000010 
I modreg 
rIm I 
14,16- 
1 
9,11.16 


LSL - Load segment timlt 


from reglater/memOl"f 
I 00001111 
I 00000011 
I modreg 
rIm I 
14.18' 
1 
9,11,16 


ARPL - Adjust requested ptiVilege level: 
I 01100011 
I mod reg 
rIm I 
10·,11- 
2 
8,9 
from regl$ter/memOl"f 


VERR - Verily read access: register/m6mOl"f 
I 00001111 
I 00000000 
I modlOOrlm 
I 
14.16' 
1 
9,11,16 


VERR-Verily 
write sccess: 
I 00001111 
I 00000000 
I modI 
01 rIm 
I 
14,16' 
1 
9,11,16 


inter 


The Effective Address (EA) of the memory operand 
is computed according to the mod and rim fields: 


if mod = 11 then rim is treated as a REG field 
if mod = 00 then DISP = 0', disp-Iow and disp-high 
are absent 
if mod = 01 then DISP = disp-Iow sign-extended to 
16 bits, disp-high is absent 
if mod = 10 then DISP = disp-high: disp-Iow 


if rim = 000 then EA = (BX) + (SI) + DISP 
if rim = 001 then EA = (BX) + (DI) + DISP 
if rim = 010 then EA = (BP) + (SI) + DISP 
if rim = 011 then EA = (BP) + (DI) + DISP 
if rim = 100 then EA = (SI) + DISP 
if rim = 101 then EA = (DI) + DISP 
if rim = 110 then EA = (BP) + DISP' 
if rim = 111 then EA = (BX) + DISP 


DISP follows 2nd byte of instruction (before data if 
required) 


'except 
if mod 
~ 
00 and rIm ~ 
110 then 
EO = disp-high: 
disp-Iow. 


SEGMENT 
OVERRIDE 
PREFIX 


10 0 1 reg 1 1 0 I 


reg is assigned according to the following: 


Segment 


reg 
Register 


00 
ES 


01 
CS 


10 
SS 


11 
DC 


REG is assigned according to the following table: 
16-Bit (w = 1) 
8-Bit (w = 0) 


000 
AX 
000 
AL 


001 
CX 
001 
CL 


010 
DX 
010 
DL 


011 
BX 
011 
BL 


100 
SP 
100 
AH 


101 
BP 
101 
CH 


101 
SI 
110 
DH 


111 
DI 
111 
BH 


The physical addresses of all operands addressed 
by the BP register are computed using the SS seg- 
ment register. The physical addresses of the desti- 
nation operands of the string primitive operations 
(those addressed by the DI register) are computed 
using the ES segment, which may not be overridden. 


The following list represents key differences be- 
tween this and the -011 80286 data sheet. Please 
review this summary carefully. 
1. A diagram of the PLCC package was added to 


complete packaging information. 


2. A note was added to the BUSYIERROR pin de- 


scription to indicate internal pull-up resistors on 
these pins. 
3. The last paragrah in the "HOLD and HLDA" sec- 


tion was rewritten to clarify the RESET condition 
of the 80286. 
4. A note was added to the "Processor Extension 


Transfers" to clarify some numerics design con- 
siderations. 


5. Table 16 was updated to reflect the internal pull- 


ups on the BUSYIERROR pins of the 80286 and 
the SO/S1 
of the 82C284. 


6. The "D.C. CHARACTERISTICS" table was reor- 


ganized to clarify the different testing conditions. 


7. The "Preliminary" marking for the 10 MHz AC. 


timings for the 80286 was deleted to indicate a 
standard timing. 


8. In the "AC. 
CHARACTERISTICS" table for 10 


and 12.5 MHz, the timing t12a was split into two 
new timings: !l2a1...!9rSTATUS ACTIVE DELAY, 
and t12a2for PEACK ACTIVE DELAY. 
This split differentiates the bus control signals 
from the coprocessor acknowledge signal. 


9. The following preliminary AC. timing characteris- 


tics for 12.5 MHz were changed to reflect current 
min and max operating values. 
- 
PEACK ACTIVE DELAY was changed from 
18 ns to 20 ns. 


- 
STATUS/PEACK INACTIVE DELAY, t12b,was 
changed from 20 ns to 22 ns. 


- 
In the "AC. 
CHARACTERISTICS" table for 


12.5 MHz, the timing parameter HLDA VALID 
DELAY, t16,was changed from 25 ns to 27 ns. 


inter 


80287 
80-BIT HMOS 


NUMERIC PROCESSOR EXTENSION 
(80287-3,80287-6,80287-8,80287-10) 
• High Performance SO-Bit Internal 
• Protected Mode Operation Completely 
Architecture 
Conforms to the S02S6 Memory 
• Implements Proposed IEEE Floating 
Management and Protection 


Point Standard 754 
Mechanisms 


• Expands S02S6Data types to Include 
• Directly Extends S02S6 Instruction 
Set 


32-, 64-, SO-Bit Floating Point, 32-, 64- 
to Trigonometric, 
Logarithmic, 


Bit Integers and 1S-Diglt BCD Operands 
Exponential and Arithmetic 
Instructions 


for All Data types 
• Object Code. Compatible with SOS7 
Operates with S03S6CPU without 
• 
• Built-In Exception Handling 
Software Modification 


• Operates In Both Real and Protected 
• Available In EXPRESS-Standard 
Mode S02S6Systems 
Temperature 
Range 
• SXSO-Blt,Individually 
Addressable, 
• Available In 40 pln-CERDIP package 
Numeric Register Stack 
(see Packaging 
Spec: 
Order 
# 231369) 


The Intel 80287 is a high performance 
numerics 
processor 
extension 
that extends 
the 80286 architecture 
with 
floating 
point, extended 
integer 
and BCD data types. The 80286/80287 
computing 
system 
fully conforms 
to 
the proposed 
IEEE Floating 
Point Standard. 
Using a numerics 
oriented 
architecture, 
the 80287 adds over fifty 
mnemonics 
to the 80286/80287 
instruction 
set, making 
the 80286/80287 
a complete 
solution 
for high per- 
formance 
numeric processing. 
The 80287 is implemented 
in N-channel, 
depletion 
load, silicon gate technology 
(HMOS) 
and packaged 
in a 40-pin 
cerdip 
package. 
The 80286/80287 
is object 
code 
compatible 
with the 
808618087 and 8088/8087. 


------, 
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NIC 


NIC 


Nle 


N.C. 


DlJ 


D12 
N'" 


Vcc 
cue 


Vss 
ell" 


D11 
Vss 


D,. 
CII •• 


"'" 
N"'" 


DO 
N""O 


DI 
......" 


D1 
••••• 


DO 
•••• 
I:Q 


Of 
DO 


•• 
D' 


0> 
•• 


NOTE: 
N/C 
Pins should 
not be connected 
Figure 2. 


80287 Pin Configuration 


inter 


Symbols 
Type 
Name and Functon 


ClK 
I 
CLOCK INPUT: this clock provides 
the basic timing for internal 80287 


operations. 
Special 
MaS 
level inputs are required. The 82284 or 8284A 


ClK 
outputs are compatible 
to this input. 


CKM 
I 
CLOCK MODE SIGNAL: indicates 
whether 
ClK 
input is to be divided by 


3 or used directly. A HIGH input will cause ClK 
to be used directly. 
This 


input must be connected 
to Vcc or Vss as appropriate. 
This input must 


be either HIGH or lOW 
20 ClK 
cycles before RESET goes lOW. 


RESET 
I 
SYSTEM 
RESET: causes the 80287 to immediately 
terminate 
its 


present activity and enter a dormant 
state. RESET is required to be 


HIGH for more than 4 80287 ClK 
cycles. For proper initialization 
the 


HIGH-lOW 
transition 
must occur no sooner than 50 JLs after Vcc and 


ClK 
meet their D.C. and A.C. specifications. 


D15-DO 
I/O 
DATA: 1-bit bidirectional 
data bus. Inputs to these pins may be applied 


asynchronous 
to the 80287 clock. 


BUSY 
a 
BUSY STATUS: asserted 
by the 80287 to indicate that it is currently 


executing 
a command. 


ERROR 
a 
ERROR STATUS: 
reflects the ES bit of the status word. This signal 


indicates 
that an unmasked 
error condition 
exists. 


PEREa 
a 
PROCESSOR 
EXTENSION 
DATA CHANNEL 
OPERAND 
TRANSFER 


REQUEST: 
a HIGH on this output indicates 
that the 80287 is ready to 


transfer 
data. PEREa 
will be disabled 
upon assertion 
of PEACK or upon 


actual data transfer, 
whichever 
occurs first, if no more transfers 
are 


required. 


PEACK 
I 
PROCESSOR 
EXTENSION 
DATA CHANNEL 
OPERAND 
tRANSFER 


ACKNOWLEDGE: 
acknowledges 
that the request signal (PEREa) 
has 


been recognized. 
Will cause the request 
(PEREa) 
to be withdrawn 
in 


case there are no more transfers 
required. 
PEACK may be 


asynchronous 
to the 80287 clock. 


NPRD 
I 
NUMERIC 
PROCESSOR 
READ: Enables transfer 
of data from the 


80287. This input may be asynchronous 
to the 80287 clock. 


NPWR 
I 
NUMERIC 
PROCESSOR 
READ: Enables transfer 
of data from the 


80287. This input may be asynchronous 
to the 80287 clock. 


NPS1, NPS2 
I 
NUMERIC 
PROCESSOR 
SELECTS: 
indicate 
the CPU is performing 
an 


ESCAPE instruction. 
Concurrent 
assertion 
of these signals (Le., NPS1 is 


lOW 
and NPS2 is HIGH) enables the 80287 to perform floating 
point 


instrucctions. 
No data transfers 
involving 
the 80287 will occur unless the 


device is selected 
via these lines. These inputs may be asynchronous 
to 


the 80287 clock. 


CMD1,CMDO 
I 
COMMAND 
LINES: These, along with select inputs, allow the CPU to 


direct the operation 
of the 80287. 


These inputs may be asynchronous 
to the 80287 clock. 
.' 


Symbols 
Type 
Name and Function 


Vss 
I 
System ground, both pins must be connected to ground. 


Vcc 
I 
+5Vsupply 


The 80287 Numeric Processor Extension (NPX) pro- 
vides arithmetic instructions for a variety of numeric 
data types in 80286/80287 systems. It also exe- 
cutes numerous built-in transcendental functions 
(e.g., tangent and log functions). The 80287 exe- 
cutes instructions in parallel with an 80286. It eHec- 


80286 


FilE: 
o I 
I 
Rl 
I 
R2 
I 
R3 
II 
R4 
I 
RS 
I 
R8 
I 
R7 
I 
R8 
L __ 
, 
'_5 
0 
I 
I 
Fl:GS 
I: 


tively extends the register and instruction set of an 
80286 system for existing 80286 data types and 
adds several new data types as well. Figure 3 pres- 
ents the program visible register model of the 
80286/80287. Essentially, the 80287 can be treated 
as an additional resource or an extension to the 
80286 that can be used as a single unified system, 
the 80286/80287. 


80287 
STACK: 


64 63 


i 


, 


SIGN 
EXPONENT 
SIGNIFICAND 


" 


15 
L_ 
- 
---, 


¥.I~:~:~:~:~:~:~:~:~:~:~:~:~:~:=:=:·I 
i 


CONTROL 
REGISTER 


STATUS 
REGISTER 


TAG WORD 


_ 
INSTRUCTION 
POINTER_ 
- 
DATA 
POINTER 
- 


The 80287 has two operating modes similar to the 
two modes of the 80286. When reset, 80287 is in 
the real address mode. It can be placed in the pro- 
tected 
virtual 
address 
mode 
by 
executing 
the 


SETPM ESC instruction. The 80287 cannot 
be 


switched back to the real address mode except by 
reset. In the real address mode, the 80286/80287 is 
completely software compatible with 8086/8087 and 
8088/8087. 


Once in protected mode, all references to memory 
for numerics data or status information, obey the 
80286 memory management and protection rules 
giving a fully protected extension of the 80286 CPU. 
In the protected mode, 80286/80287 numerics soft- 
ware is also completely compatible with 8086/8087 
and 8088/8087. 


inter 


SYSTEM 
CONFIGURATION 


WITH 80286 


As a processor 
extension 
to an 80286, 
the 80287 
can be connected 
to the CPU as shown 
in Figure 


4A. 
The 
data 
channel 
control 
signals 
(PEREa, 
PEACK), 
the 
BUSY 
signal 
and 
the 
NPRD, 
NPWR 


signals, 
allow 
the 
NPX to receive 
instructions 
and 


data from the CPU. When in the protected 
mode, all 


information 
received 
by the NPX is validated 
by the 


80286 
memory 
management 
and 
protection 
unit. 


Once started, 
the 80287 can process 
in parallel with 


and independent 
of the host CPU. When 
the NPX 


detects 
an error or exception, 
it will indicate 
this to 


the CPU by asserting 
the ERROR 
signal. 


The NPX uses the processor 
extension 
request 
and 


acknowledge 
pins of the 80286 
CPU to implement 


data 
transfers 
with 
memory' 
under 
the 
protection 


model 
of the CPU. The full virtual 
and physical 
ad- 
dress space 
of the 80286 
is available. 
Data for the 


80287 
in memory 
is addressed 
and represented 
in 


the same manner 
as for an 8087. 


The 80287 can operate 
either directly 
from the CPU 


clock 
or with a dedicated 
clock. 
For operation 
with 


the CPU clock (CKM = 0), the 80287 works at one- 
third the frequency 
of the system 
clock 
(Le., for an 


8 MHz 80286, 
the 16 MHz system 
clock 
is divided 


down to 5.3 MHz). The 80287 
provides 
a capability 


to internally 
divide 
the CPU clock 
by three 
to pro- 


duce 
the 
required 
internal 
clock 
(33% 
duty cycle). 
To use a higher 
performance 
80287 
(8 MHz), 
an 


8284A 
clock 
driver 
and appropriate 
crystal 
may be 


used to directly 
drive the 80287 with a % duty cycle 


clock 
on the ClK 
input 
(CKM = 
1). The following 


table 
describes 
the relationship 
between 
the clock 


speed and the 287 speed version 
needed 
as a func- 


tion of the CKM state. 


287 Speed 
CLKSpeed 


Version 
CKM = 0 
CKM = 1 


5MHz 
12 MHz 
5MHz 


6MHz 
16 MHz 
6MHz 


8MHz 
20 MHz 
8MHz 


10 MHz 
25 MHz 
10 MHz 


SYSTEM 
CONFIGURATION 


WITH 
80386 


The 80287 
can also be connected 
as a processor 


extension 
to the 80386 CPU as shown 
in Figure 4b. 
All 
software 
written 
for 
8086/8087 
and 
80286/ 


80287 
is object 
code compatible 
with 80386/80287 


and 
can 
benefit 
from 
the 
increased 
speed 
of the 


80386 
CPU. 


Note that the PEACK input pin is pulled high. This is 
because 
the 80287 
is not required 
to keep track 
of 


the number 
of words transferred 
during an operand 


transfer 
when it is connected 
to the 80386 CPU. Un- 


like the 80286 CPU, the 80386 CPU knows the exact 
length of the operand 
being transferred 
to/from 
the 


80287. After an ESC instruction 
has been sent to the 


80287, the 80386 processor 
extension 
data channel 


will initiate 
the data transfer 
as soon 
as it receives 


the PEREa 
signal 
from 
the 80287. 
The transfer 
is 


automatically 
terminated 
by the 80386 CPU as soon 


as all the words 
of the operand 
have 
been 
trans- 


ferred. 


Because 
of the very 
high speed 
local 
local 
bus of 


the 80386 CPU, the 80287 cannot 
reside directly 
on 


the 
CPU 
local 
bus. A local 
bus controller 
logic 
is 


used to generate 
the necessary 
read and write cycle 


timings 
as well 
as the 
chip 
select 
timings 
for the 


80287. 
The 
80386 
CPU 
uses 
I/O 
addresses 


800000F8 
through 
800000FF 
to communicate 
with 


the 80287. 
This is beyond 
the normal 
I/O 
address 


space 
of the CPU and makes 
it easier:JQJ!enerate 


the chip select 
signals 
using A31 and M/IO. 
It may 


also 
be 
noted 
that 
the 
80386 
CPU 
automatically 


generates 
16-bit 
bus cycles 
whenever 
it communi- 


cates with the 80287. 


Communication 
of instructions 
and 
data 
operands 


between 
the 
80286 
and 
80287 
is handled 
by the 


CMDO, CMD1, NPS1, NPS2, NPRD, and NPWR sig- 
nals. I/O port addresses 
00F8H, OOFAH, and OOFCH 


are 
used 
by 
the 
80286 
for 
this 
communication. 


When 
any of these 
addresses 
are used, the NPS1 


input 
must~OW 
and 
NPS2 
input 
HIGH. 
The 


10RC and 10WC outputs 
of the 82288 
identify 
I/O 


space 
transfers 
(see Figure 
4A). CMDO should 
be 


connected 
to latched 
80286 
A 1 and CMD1 
should 


be connected 
to latched 
80286 
A2. 


I/O 
ports 
00F8H 
to 
OOFFH are 
reserved 
for 
the 


80286/80287 
interface. 
To guarantee 
correct 
opera- 


tion of the 80287, 
programs 
must 
not perform 
any 


I/O operations 
to these 
ports. 


The PEREa, 
PEACK, BUSY, and ERROR 
signals of 


the 80287 are connected 
to the same-named 
80286 


input. The data pins of the 80287 
should 
be directly 


connected 
to the 80286 
data bus. Note that all bus 


drivers 
connected 
to the 80286 
local 
bus must 
be 


inhibited 
when the 80286 reads from the 80287. The 


use of M/IO 
in the decoder 
prevents 
INTA bus cy- 


cles from disabling 
the data transceivers. 


Table 
2 lists the seven 
data types 
the 80287 
sup- 


ports and presents 
the format 
for each type. These 


3-59 


values are stored in memory with the least signifi- 
cant digits at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. All values should start at even addresses for 
maximum system performance. 


Internally the 80287 holds all numbers in the tempo- 
rary real format. Load instructions automatically con- 
vert operands represented in memory as 16-, 32-, or 
64-bit integers, 32- or 64-bit floating point number or 


READY 


ClK 


s; 
so 
t.4/iO 


82C288 
BUS 
CONTROllER 


DEN 
DTIR 


ALE 
10WC 
10RC 


RESET 


READY 


ClK 
s; 
so 


82C2B4 
CLOCK 
GENERATOR 


".----------, 
J.-i 
:' 
·-7-" 
I 
8284A 
~---<1 


l_J 
I 
.._---------~ 


I~I~ 


18-digit packed BCD numbers into temporary real 
format. Store instructions perform the reverse type 
conversion. 


80287 computations use the processor's register 
stack. These eight 80-bit registers provide the equiv- 
alent capacity of 40 16-bit registers. The 80287 
register set can be accessed as a stack, with in- 
structions operating on the top one or two stack ele- 
ments, or as a fixed register set, with instructions 
operating on explicitly designated registers. 


D,S-DO 


COOl 


INTA 


PEREQ 
C B A 


74AS138 


BUSY I~I~ 


PEREQ 


NPRD 


NPWR 
Or 


DATA 
DIR 


RESET 
80287 
D,s-Do 


SOCKET 
NPS2 
VCC 


NPSl 


Ct.4Dl 


Ct.4DO 


CKt.4 


823114 
CLOCK 
GENERATOR 


CLK2 
RESET 


CLK2 
RESET 


BUSY 


ERROR 


PER EO 


MilO 


A31 


A2 


READY 


ADS, MIiO 
Dic.wiii 


RESET 


BUSY 


ERROR 


PEREO 


NPSI 


NPS2 


CMDO 


CMDI 
80287 
NUMERIC 
COPROCESSOR 


015-1 
PEACK 


CLK 


CKM 


Vcc 


) 
TIE LOW FOR DIVIDE·BY·3 
TTL CLK 
'lTIE HIGH 
FOR NO·DIVIDE 
MOS CLK 


inter 


Most Significant 
Byte 
HIGHESTADDRESSEDBYTE 
Data 
Range 
Precision 
017 017 
017 
017 0/7 
017 
0/7 
017 
0/7 
01 
Formats 
7 


Word Integer 
104 
16 Bits 
IlTWO·S 


COMPLEMENT) 


IS 
0 


Short Integer 
109 
32 Bits 


k 
Inwo's 
COMPLEMENT) 


31 
0 


Long Integer 
1019 
64 Bits 
Inwo's 
COMPLEMENT) 


63 
0 


1018 
51 
x Id\1 


MAGNITUDE 


dlJ I 
Packed BCD 
18 Digits 
d1t1 
d\5 
dl4 
do 
d12 
dll 
d'UI 
dg 
01, 
dr 
db 
01, 
d .• 
01, 
oi, 
01, 


79 
72 
0 


Short Real 
10±38 
24 Bits 
sl 
BIASED 
I 
SIGNIFICANO 
I 
5 
EXPONENT 


31 
23~" 
0 
I . 


Long Real 
10±308 
53 Bits 
51 
BIASED 
I 
SIGNIFICAND 
I 
EXPONENT 


63 
52'- I. 
0 


Temporary Real 
1O±4932 
64 Bits 
51 
BIASED 
r" 


SIGNIFICAND 
I 
EXPONENT 


79 
6463" 
0 


NOTES: 
1. S = Sign bit (0 = positive, 1 = negative) 
2. dn = Decimal digit (two per byte) 
3. X = Bits have no significance; 8087 ignores when loading, zeros when storing. 
4. A = Position of implicit binary point 
5. I = Integer bit of significant; stored in temporary real, implicit in short and long real. 
6. Exponent Bias (normalized values): 


Short Real: 127 (7FH) 
Long Real: 1023 (3FFH) 
Temporary Real: 16383 (3FFFH) 


7. Packed BCD: (- 1)5 (017 ... Do) 
8. Real: (-1)5 (2E-BIAS)(FoFl"') 


Table 6 lists the 80287's instructions by class. No 
special programming tools are necessary to use the 
80287 since all new instructions and data types are 
directly supported by the 80286 assembler and 


appropriate high level languages. All 8086/8088 
de- 


velopment tools which support the 8087 can also be 
used to develop software for the 80286/80287 
in 


real address mode. 


The 80286/80287 
is programmed as a single proc- 
essor. All communication between the 80286 and 
the 80287 is transparent to software. The CPU auto- 
matically controls the 80287 whenever a numeric in- 
struction 
is 
executed. 
All 
memory 
addressing 


modes, physical memory, and virtual memory of the 
CPU are available for use by the NPX. 


Since the NPX operates in parallel with the CPU, any 
errors detected by the NPX may be reported after 
the CPU has executed the ESCAPE instruction 
which caused it. To allow identification of the failing 
numeric instruction, the NPX contains two pointer 
registers which identify the address of the failing nu- 
meric instruction and the numeric memory operand if 
appropriate for the instruction encountering this er- 
ror. 


Several interrupts of the 80286 are used to report 
exceptional conditions while executing numeric pro- 
grams in either real or protected mode. The inter- 
rupts and their functions are shown in Table 3. 


As shown in Figure 1, the NPX is internally divided 
into two processing elements, the bus interface unit 
(BIU) and the numeric execution unit (NEU). The 
NEU executes all numeric instructions, while the BIU 
receives and decodes instructions, requests oper- 
and transfers to and from memory and executes 
processor control instructions. The two units are 
able to operate independently of one another allow- 
ing the BIU to maintain asynchronous communica- 
tion with the CPU while the NEU is busy processing 
a numeric instruction. 


The BIU decodes the ESC instruction executed by 
the CPU. If the ESC code defines a math instruction, 
the BIU transmits the formatted instruction to the 
NEU. If the ESC code defines an administrative in- 
struction, the BIU executes it independently of the 
NEU. The parallel operation of the NPX with the 
CPU is normally transparent to the user. The BIU 
generates the BUSY and ERROR signals for 808261 
80287 processor synchronization and error notifica- 
tion, respectively. 


The 80287 executes a single numeric instruction at 
a time. When executing most ESC instructions, the 


inter 


Interrupt 
Number 
Interrupt 
Function 


7 
An ESC instruction 
was encountered 
when EM or TS of the 80286 MSW was 


, 
set. EM = 1 indicates 
that software 
emulation 
of the instruction 
is required. 


When TS is set, either an ESC or WAIT instruction 
will cause interrupt 
7. This 


indicates 
that the current NPX context 
may not belong to the current task. 


9 
The second or subsequent 
words of a numeric operand 
in memory exceeded 
a 


segment's 
limit. This interrupt 
occurs after executing 
an ESC instruction. 
The 


l' 
saved return address will not point at the numeric instruction 
causing this 


: 


interrupt. 
After processing 
the addressing 
error, the 80286 program 
can be 


restarted 
at the return address with IRET. The address of the failing numeric 


instruction 
and numeric operand 
and saved in the 80287. An interrupt 
handler 
for this interrupt must execute 
FNINIT before any other ESC or WAIT 


instruction. 


13 
The starting address of a numeric operand 
is not in the segment's 
limit. The 


, 
return address will point at the ESC instruction, 
including 
prefixes, 
causing this 


error. The 80287 has not executed 
this instruction. 
The instruction 
and data 


I 
address is 80287 refer to a previous, 
correctly 
executed, 
instruction. 


16 
The previous 
numeric instruction 
caused an unmasked 
numeric error. The 


address of the faulty numeric instruction 
or numeric data operand 
is stored in 
, 
the 80287. Only ESC or WAIT instructions 
can cause this interrupt. 
The 80286 


return address will point at a WAIT or ESC instruction, 
including 
prefixes, which 


may be restarted 
after clearing the error condition 
in the NPX. 


80286 tests the BUSY pin and waits until the 80287 
indicates 
that it is not busy before initiating the com- 


mand. Once initiated, 
the 80286 
continues 
program 


execution 
while 
the 
80287 
executes 
the 
ESC 
in- 
struction. 
In 8086/8087 
systems, 
this synchroniza- 


tion is achieved 
by placing a WAIT instruction 
before 


an ESC instruction. 
For most 
ESC instructions, 
the 


80287 
does 
not require 
a WAIT 
instruction 
before 


the ESC opcode. 
However, 
the 80287 
will operate 


correctly 
with these WAIT instruction. 
In all cases, a 


WAIT 
or ESC instruction 
should 
be inserted 
after 


any 
80287 
store 
to 
memory 
(except 
FSTSW 
and 


FSTCW) 
or load from 
memory 
(except 
FLDENV 
or 
FRSTOR) 
before 
the 80286 
reads 
or changes 
the 


value to be sure the numeric value has already 
been 


wrtten 
or read by the NPX. 


Data 
transfers 
between 
memory 
and 
the 
80287, 


when needed, 
are controlled 
by the PEREa 
PEACK, 


NPRD, 
NPWR, 
NPS1, 
NPS2 
signals. 
The 
80286 


does the actual 
data transfer 
with memory 
through 


its processor 
extension 
data channel. 
Numeric 
data 


transfers 
with memory 
pertormed 
by the 80286 
use 


the same timing as any other bus cycle. Control 
sig- 
nal for the 80287 
are generated 
by the 
80826 
as 


shown 
in Figure 
4a, and 
meet 
the 
timing 
require- 


ments shown 
in the AC requirements 
section. 


The NEU executes 
all instructions 
that 
involve 
the 


register stack; these include 
arithmetic, 
logical, tran- 


scendental, 
constant 
and data transfer 
instructions. 


The data path in the NEU is 84 bits wide (68 signifi- 
cand 
bits, 
15 exponent 
bits and 
a sign 
bit) which 


allows internal 
operand 
transfers 
to be pertormed 
at 


very high speeds. 


When 
the 
NEU 
begins 
executing 
an instruction, 
it 


activated 
the BIU BUSY signal. This signal is used in 


conjunction 
with the CPU WAIT 
instruction 
or auto- 


matically 
with most of the ESC instructions 
to syn- 


chronize 
both processors. 


The 80287 register 
set is shown in Figure 5. Each of 


the eight data registers 
in the 8087's 
register 
stack 


inter 


DATA 
FIELD 
TAG FIELD 
79 
78 
6463 
0 
1 
0 


SIGN 
EXPONENT 
SIGNIFICAND 


15 
0 


CONTROL 
REGISTER 


STATUS 
REGISTER 


TAG WORD 


- 
INSTRUCTION 
POINTER- 


- 
DATA POINTER 
- 


is 80 bits 
wide 
and 
is divided 
into 
"fields" 
corre- 


sponding 
to the NPX's temporary 
real data type. 


At a given 
point in time the TOP field in the status 


word 
identifies 
the 
current 
top-of-stack 
register. 
A 


"push" 
operation 
decrements 
TOP by 1 and loads a 


value 
into the new top register. 
A "pop" 
operation 


stores 
the value 
from 
the current 
top register 
and 


then 
increments 
TOP 
by 1. Like 
80286 
stacks 
in 


memory, 
the 
80287 
register 
stack 
grows 
"down" 


toward 
lower-addressed 
registers. 


Instructions 
may address 
the 
data 
registers 
either 


implicitly 
or explicitly. 
Many instructions 
operate 
on 


the register 
at the TOP of the stack. These 
instruc- 


tions 
implicitly 
address 
the 
register 
pointed 
by the 


TOP. Other instructions 
allow the programmer 
to ex- 


plicitly 
specify 
the register 
which 
is to be used. This 


explicit 
register 
addressing 
is also "top-relative." 


The 16-bit status word (in the status register) 
shown 


in Figure 6 reflects 
the overall 
state of the 80287. 
It. 


may be read and inspected 
by CPU code. The busy 


bit (bit 15) indicates 
whether 
the NEU is executing 


an instruction 
(B = 1) or is idle (B = 0). 


The instructions 
FSTSW, 
FSTSW AX, FSTENV, 
and 


FSAVE 
which 
store 
the 
status 
word 
are executed 


exclusively 
by the BIU and do not set the busy bit 
themselves 
or require the Busy bit be cleared 
in or- 


der to be executed. 


The four 
numeric 
condition 
code 
bits 
(Co-Ca) 
are 


similar 
to the flags 
in a CPU: instructions 
that 
per- 


form 
arithmetic 
operations 
update 
these 
bits to re- 


flect the outcome 
of NPX operations. 
The effect 
of 


these 
instructions 
on the condition 
code 
is summa- 
rized in Tables 
4a and 4b. 


Bits 
14-12 
of the status 
word 
point 
to the 
80287 


register 
that is the current top-of-stack 
(TOP) as de- 


scribed 
above. 
Figure 6 shows 
the six error flags in 


bits 5-0 
of the status word. Bits 5-0 
are set to indi- 


cate that the NEU has detected 
an exception 
while 


executing 
an instruction. 
The section 
on exception 


handling 
explains 
how they are set and used. 


Bit 7 is the error summary 
status bit. This bit is set if 


any unmasked 
exception 
bit is set and cleared 
oth- 


erwise. 
If this bit is set, the ERROR 
signal is assert- 


ed. 


EXCEPTION 
FLAGS 
(1 
EXCEPTION 
HAS OCCURRED) 


INVALID 
OPERATION' 


DENORMALIZED 
OPERAND' 


ZERO 
DIVIDE' 


OVERFLOW' 


UNDERFLOW' 


----------- 
PRECISION" 


(RESERVED) 


ERROR SUMMARY STATUS") 


CONDITION 
cooE'2I 


TOP OF STACK 
POINTER'JI 


NEU BUSY 


NOTES: 
1. ES is set if any unmasked 
exception 
bit is set, cleared 
otherwise. 


2. See Table 
5 for condition 
code 
interpretation. 
3. Top Values 
000 
= Register 
0 is Top of Stack 
001 = Register 
1 is Top of Stack 
•• 


111 = Register 
7 is Top of Stack. 


-For 
definitions, 
see the section 
on exception 
handling 


The tag word marks the content 
of each register 
as 


shown 
in Figure 7. The principal 
function 
of the tag 


word 
is to 
optimize 
the 
NPX's 
performance. 
The 


eight two-bit 
tags in the tag word can be used, how- 


ever, to interpret 
the contents 
of 80287 
registers. 


The 
instruction 
and data 
pointers 
(See 
Figures 
8a 


and 8b) are provided 
for user-written 
error handlers. 
Whenever 
the 80287 executes 
a new instruction, 
the 


BIU saves the instruction 
address, 
the operand 
ad- 


dress (if present) 
and the instruction 
opcode. 
80287 


instructions 
can store this data into memory. 


The instruction 
and data pointers 
appear 
in one of 


two formats 
depending 
on the operating 
mode of the 


80287. 
In real 
mode, 
these 
values 
are the 
20-bit 


physical 
address 
and 
11-bit 
opcode 
formatted 
like 


the 8087. 
In protection 
mode, these 
values 
are the 


32-bit virtual address 
used by the program 
which ex- 


ecuted 
an 
ESC 
instruction. 
The 
same 
FLDENV I 


FSTENV/FSAVE/FRSTOR 
instructions 
as those 
of 


the 8087 are used to transfer 
these values 
between 


the 80287 
registers 
and memory. 


The saved instruction 
address 
in the 80287 will point 


at any prefixes 
which 
preceded 
the instruction. 
This 
is different 
than 
in the 8087 
which 
only pointed 
at 


the ESCAPE instruction 
opcode. 


The NPX provides 
several 
processing 
options 
which 


are selected 
by loading a word from memory 
into the 


control 
word. Figure 9 shows the format 
and encod- 
ing of fields in the control 
word. 


The low order 
byte of this control 
word 
configures 


the 80287 error and exception 
masking. 
Bits 5-0 
of 


the control 
word contain 
individual 
masks for each of 


the six exceptions 
that 
the 80287 
recognizes. 
The 


high order 
byte of the control 
word 
configures 
the 


Instruction 
C3 
C2 
C1 
Co 
Interpretation 
Type 


Compare, 
Test 
0 
0 
X 
0 
ST > Source or 0 (FTST) 
0 
0 
X 
1 
ST < Source or 0 (FTST) 
1 
0 
X 
0 
ST = Source or 0 (FTST) 
1 
1 
X 
1 
ST is not comparable 


Remainder 
Q1 
0 
Qo 
Q2 
Complete 
reduction 
with 


three low bits of quotient 
(See Table 5b) 
U 
1 
U 
U 
Incomplete 
Reduction 


Examine 
0 
0 
.- 
0 
0 
Valid, positive unnormalized 
0 
0 
0 
1 
Invalid, positive, exponent 
= 0 
0 
0 
1 
0 
Valid, negative, 
unnormalized 
0 
0 
1 
1 
Invalid, negative, 
exponent 
= 0 
0 
1 
0 
0 
Valid, positive, 
normalized 
0 
1 
0 
1 
Infinity, positive 
0 
1 
1 
0 
Valid, negative, 
normalized 
0 
1 
1 
1 
Infinity, negative 
1 
0 
0 
0 
Zero, positive 
1 
0 
0 
1 
Empty 


1 
0 
1 
0 
Zero, Negative 
1 
0 
1 
1 
Empty 


1 
1 
0 
0 
Invalid, positive, exponent 
= 0 
1 
1 
0 
1 
Empty 


1 
1 
1 
0 
Invalid, negative, 
exponent 
= 0 
1 
., 
1 
1 
1 
Empty 


NOTES: 
1. ST = Top of Stack 
2. X = value is not affected by instruction 
3. U = value is undefined following instruction 
4. Qn = Quotient bit n 


Table 
4b. CondItion 
Code 
InterpretatIon 
after 


FPREM (See Note 
1) Instruction 
as a Function 
of 


DivIdend 
Value 


Dividend 
Range 
Q2 
Q1 
Qo 


Dividend < 2 • Modulus 
C3 
C1 
Qo 


Dividend < 4 • Modulus 
C3 
Q1 
Qo 


Dividend 
~ 4 • Modulus 
Q2 
Q1 
Qo 


NOTE: 
1. Previous value of indicated bit, not affected by FPREM 
instruction execution. 


80287 operating 
mode including 
precision, 
rounding, 


and infinity 
control. 
The precision 
control 
bits (bits 


9-8) 
can be used to set the 80287 internal 
operating 


precision 
at less than the default 
of temporary 
real 


(80-bit) 
precision. 
This 
can 
be 
useful 
in providing 


compatibility 
with 
the 
early 
generation 
arithmetic 


processors 
of smaller precision 
than the 80287. The 


rounding 
control 
bits (bits 11-10) 
provide 
for direct- 


ed rounding 
and true chop as well as the unbiased 


round 
to nearest 
even 
mode 
specified 
in the IEEE 


standard. 
Control 
over closure 
of the number 
space 


at infinity 
is also provided 
(either 
affine 
closure: 
± 


00, or projective 
closure: 
00, is treated 
as unsigned, 


may be specified). 


inter 


TAG(?) 
TAG (6) 
TAG (5) 
TAG (4) 
TAG (3) 
TAG (2) 
TAG (1) 
TAG (0) 


NOTE: 
The index i of tag (i) is not top-relative. 
A program 


typically 
uses the "top" 
field of Status 
Word to deter- 
mine which 
tag (i) field refers 
to logical 
top of stack. 


TAG VALUES: 
00 = VALID 
01 = ZERO 
10 = 
INVALID 
or INFINITY 


11 = EMPTY 


MEMORY 
OFFSET 
o 


CONTROL 
WORD 


STATUS 
WORD 


TAG WORD 


IPOFFSET 


CSSELECTOR 


DATA OPERAND 
OFFSET 


DATA OPERAND 
SELECTOR 


+0 
+2 
+4 


+6 


+8 


+10 


+12 


The 80287 detects six different exception conditions 
that can occur during instruction execution. Any or 
all exceptions will cause the assertion of external 
ERROR signal and ES bit of the Status Word if the 
appropriate exception masks are not set. 


The exceptions that the 80287 detects and the 'de- 
fault' procedures that will be carried out if the excep- 
tion is masked, are as follows: 


Invalid Operation: 
Stack overflow, stack underflow, 
indeterminate form (0/0, 
00, 
- 
00, etc) or the use of 


a Non-Number (NAN) as an operand. An exponent 
value of all ones and non-zero significand is re- 
served to identify NANs. If this exception is masked, 
the 80287 default response is to generate a specific 


NAN called INDEFINITE,or to propogate already ex- 
isting NANs as the calculation result. 


Overflow: 
The result is too large in magnitude to fit 
the specified format. The 80287 will generate an en- 
coding for infinity if this exception is masked. 


Zero Divisor: The divisor is zero while the dividend 
is a non-infinite, non-zero number. Again, the 80287 
will generate an encoding for infinity if this exception 
is masked. 


Underflow: 
The result in non-zero but too small in 


magnitude to fit in the specified format. If this excep- 
tion is masked the 80287 will denormalize (shift 
right) the fraction until the exponent is in range. The 
process is called gradual underflow. 


intJ 


MEMORY 
OFFSET 


CONTROL 
WORD 


STATUS 
WORD 


TAG WORD 


INSTRUCTION 
POINTER 
(15-0) 


INSTRUCTION 
I 
I 
INSTRUCTION 
POINTER 
(19-16) 
0 
OPCODE 
(10-0) 


DATA POINTER 
(15-0) 


DATA POINTER 
I 
0 
(19-16) 


EXCEPTION 
MASKS 
(1 - EXCEPTION 
IS MASKED) 


INVALID 
OPERATION 


DENORMALIZED 
OPERAND 


ZERO 
DIVIDE 


OVERFLOW 


UNDERFLOW 


PRECISION 


(RESERVED) 


(RESERVED. 


PRECISION 
CONTROL 
111 


ROUNDING 
CONTROLI2I 


INFINITY 
CONTROL 
(0 = PROJECTIVE, 
1 = AFFINE) 


(RESERVED) 


(1) PRECISION 
CONTROL 
00 ~ 
24 BITS (SHORT 
REAL) 
01 ~ 
RESERVED 
10 = 53 BITS (LONG 
REAL) 
11 = 64 BITS (TEMP 
REAL) 


(2) ROUNDING 
CONTROL 


00 ~ 
ROUND 
TO NEAREST 
OR EVEN 


01 ~ 
ROUND 
DOWN 
(TOWARD 
-xl 


10 ~ 
ROUND 
UP (TOWARD 
+xl 
11 = CHOP 
(TRUNCATE 
TOWARD 
ZERO) 


inter 


Denormallzed 
Operand: 
At least one of the oper- 
ands is denormalized; it has the smallest exponent 
but a non-zero significand. Normal processing con- 
tinues if this exception is masked off. 


Inexact 
Result: The true result is not exactly repre- 


sentable in the specified format, the result is round- 
ed according to the rounding mode, and this flag is 
set. If this exception is masked, processing will sim- 
ply continue. 


If the error is not masked, the corresponding error 
bit and the error status bit (ES) in the control word 
will be set, and the ERROR output signal will be as- 
serted. If the CPU attempts to execute another ESC 
or WAIT instruction, exception 7 will occur. 


The error condition must be resolved via an interrupt 
service routine. The 80287 saves the address of the 
floating point instruction causing the error as well as 
the address of the lowest memory location of any 
memory operand required by that instruction. 


The 80286/80287 supports portability of 808618087 
programs when it is in the real address mode. How- 
ever, because of differences in the numeric error 
handling techniques, error handling routines may 
need to be changed. The differences between an 
80286/80287 
and 808618087 are: 
1. The NPX error signal does not pass through an 


interrupt controller (8087 INT signal does). 


Therefore, any interrupt controller oriented in- 
structions for the 8086/8087 may have to be de- 
leted. 


2. Interrupt vector 16 must point at the numeric error 


handler routine. 


3. The saved floating point instruction address in the 


80287 includes any leading prefixes before the 
ESCAPE opcode. The corresponding saved ad- 
dress of the 8087 does not include leading prefix- 
es. 
4. In protected mode, the format of the saved in- 


struction and operand pointers is different than for 
the 8087. The instruction opcode is not saved-it 
must be read from memory if needed. 


5. Interrupt 7 will occur when executing ESC instruc- 


tions with either TS or EM or MSW = 1. If TS of 
MSW = 1 then WAIT will also cause interrupt 7. 
An interrupt handler should be added to handle 
this situation. 
6. Interrupt 9 will occur if the second or subsequent 


words of a floating point operand fall outside a 
segment's size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment's size. An interrupt handler should be 
added to report these programming errors. 


In the protected mode, 8086/8087 application code 
can be directly ported via recompilation if the 80286 
memory protection rules are not violated. 


•Notice: Stresses above those listed under 'J4bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
O°C to 70°C 


Storage Temperature 
- 65°C to + 150°C 


Case Temperature 
O°C to 85°C 


Voltage 
on any Pin with 
Respect 
to Ground 
-1.0 
to + 7V 


Power Dissipation 
3.0 Watt 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Conditions 


VIL 
Input lOW 
Voltage 
-0.5 
0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
Vee +0.5 
V 


VIHe 
Clock Input HIGH Voltage 


CKM = 1: 
2.0 
Vee +1 
V 


CKM = 0: 
3.8 
Vee +1 
V 


VILe 
Clock Input lOW 
Voltage 


CKM = 1 
-0.5 
0.8 
V 


CKM = 0 
-0.5 
0.6 
V 


VOL 
Output lOW 
Voltage 
0.45 
V 
IOL = 3.0mA 


VOH 
Output HIGH Voltage 
2.4 
V 
IOH = -400/LA 


III 
Input leakage 
Current 
• 
±10 
/LA 
OV ~ VIN ~ Vee 


ILO 
Output leakage 
Current 
• 
±10 
/LA 
0.45V ~ VOUT ~ Vee 


Ice 
Power Supply Current 
600 
mA 
TA = O°C 


475 
mA 
TA = 25°C 


• 
375 
mA 
TA = 70°C 


CIN 
Input Capacitance 
• 
10 
pF 
Fe = MHz 


Co 
Input/Output 
Capacitance 
• 
20 
pF 
Ve = 1 MHz 
(00-015) 


CeLK 
ClK 
Capacitance 
• 
12 
pF 
Fe = 1 MHz 


80287-3 
80287·6 
80287-8 
80287·10 


5MHz 
6 MHz 
8MHz 
10 MHz 


Units 
Test 
Symbol 
Parameter 
Preliminary 
Conditions 


Mln 
Max 
Min 
Max 
Mln 
Max 
Mln 
Max 


TCLCL 
ClK 
Period 
CKM = 1: 
200 
500 
166 
500 
125 
500 
100 
500 
ns 
CKM = 0: 
62.5 
250 
62.5 
166 
50 
166 
40 
166 
ns 


TCLCH 
ClK 
lOW 
Time 
CKM = 1: 
118 
100 
343 
68 
343 
62 
343 
ns 
AtO.8V 
CKM = 0: 
15 
230 
15 
146 
15 
146 
11 
146 
ns 
AtO.6V 


TCHCL 
ClK 
HIGH Time 
CKM = 1: 
69 
50 
230 
43 
230 
28 
230 
ns 
At 2.0V 
CKM = 0: 
20 
235 
20 
151 
20 
151 
18 
151 
ns 
At3.6V 


TCH1CH2 
ClK 
Rise Time 
10 
10 
10 
10 
ns 
1.0Vto 
3.6V 
ifCKM 
= 0 


TCL2CL1 
ClK 
Fall Time 
10 
10 
10 
10 
ns 
3.6V to 1.0V 
ifCKM 
= 0 


TOYWH 
Data Setup to 
75 
75 
75 
75 
ns 
NPWR Inactive 


TWHOX 
Data Hold from 
30 
30 
18 
18 
ns 
NPWR Inactive 


TWLWH 
NPWR NPRD 
95 
95 
90 
90 
ns 
At 0.8V 
TRLRH 
Active Time 


TAVWL 
Command 
Valid 
TAVRL 
to NPWR or 
0 
0 
0 
0 
ns 
NPRDActive 


TMHRL 
Minimum 
Delay 
from PEREQ Active 
130 
130 
130 
100 
ns 
to NPRD Active 


TKLKH 
PEAK Active Time 
85 
85 
85 
60 
ns 
AtO.8V 


TKHKL 
PEAK Inactive Time 
250 
250 
250 
200 
ns 
At 2.0V 


TKHCH 
PEAK Inactive to 
NPWR. NPRD 
50 
50 
40 
40 
ns 
Inactive 


TCHKL 
NPWR. NPRD 
Inactive to 
-30 
-30 
-30 
-30 
ns 
PEAK Active 


TWHAX 
Command 
Hold 
TRHAX 
from NPWR, 
30 
30 
30 
22 
ns 
NPRD Inactive 


TKLCL 
PEAK Active 
Setup to NPWR 
50 
50 
40 
40 
ns 
NPRDActive 


TIMING 
REQUIREMENTS 
(Continued) 


A.C. timings 
are referenced 
to 0.8V and 2.0V points on signals 
unless otherwise 
noted. 


80287·3 
80287·6 
80287·8 
80287·10 


5MHz 
6MHz 
8 MHz 
10 MHz 


Units 
Test 
Symbol 
Parameter 
Preliminary 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


TIVCL 
NPWR, NPRD 
70 
70 
70 
53 
ns 
(Note 1) 
to ClK 
Setup Time 


TCLIH 
NPWR, NPRD 
45 
45 
45 
37 
ns 
(Note 1) 
from ClK 
Hold Time 


TRSCL 
RESETto 
ClK 
20 
20 
20 
20 
ns 
(Note 1) 
Setup Time 


TCLRS 
RESET from ClK 
20 
20 
20 
20 
ns 
(Note 1) 
Hold Time 


80287·3 
80287·6 
80287·8 
80287·10 


Symbol 
Parameter 
5 MHz 
6MHz 
8MHz 
10 MHz 


Units 
Test 


Preliminary 
Conditions 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Mln 
Max 


TRHQZ 
NPRD Inactive to 
37.5 
37.5 
35 
21 
ns 
(Note 2) 
Data Float 


TRLOV 
NPRD Active to 
60 
60 
60 
60 
ns 
(Note 3) 
Data Valid 


T'LBH 
ERROR Active to 
100 
100 
100 
100 
ns 
(Note 4) 
BUSY Inactive 


TWLBV 
NPWR Active to 
100 
100 
100 
100 
ns 
(Note 5) 
BUSY Active 


TKLML 
PEAK Active to 
127 
127 
127 
100 
ns 
(Note 6) 
PEREQ Inactive 


TCMOI 
Command 
Inactive 


Time 
Write-to-Write 
95 
95 
95 
75 
ns 
At2.0V 
Read-to-Read 
250 
95 
95 
75 
ns 
At 2.0V 
Write-to-Read 
105 
95 
95 
75 
ns 
At 2.0V 
Read-to-Write 
95 
95 
95 
75 
ns 
At 2.0V 


TRHQH 
Data Hold from 
5 
3 
3 
3 
ns 
(Note 7) 


NPRD Inactive 


NOTES: 
1. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at a specific CLK 
edge. 
2. Float condition occurs when output current is less than ILOon 00-015. 
3. 00-01510SINF¢: 
XL = 100 pF. 


4. BUSY loading: CL = 100 pF. 
5. BUSY loading: CL = 100 pF. 
6. On last data transfer on numeric instruction. 
7.00-015 
loading: CL = 100 pF. 


• 
I 


DATA 
TRANSFER 
FROM 
80287 


•. 


) 


DATA 
TRANSFER 
TO 
80287 


_ 


____ 
-_TW_LB~N-- 


BUSY 
----------------- 


e""","., --I :=:2f 
fiI'PS1.NPS2 ~ 
TAVWL 
TAVRL 


NPRO'NPWR 
,~"v_ 


TWHAX 
~ 


PEREO I~ 
TMHRL 


~. 
TKLCL 


inter 


·:------------cn~J 


__ 
-.-TM:l. 


RESET 
----- 


NOTE: 
Reset, 
NPWR, 
NPRD are inputs asynchronous 
to CLK. Timing 
requirements 
on this page are given for testing 
purposes 
only, 


to assure 
recognition 
at a specific 
CLK edge. 


- TWH1)~_TM:l 
_ 
\\\\\\\\\ 


NOTE: 
Reset 
must meet timing 
shown 
to guarantee 
known 
phase of internal 
+ 3 circuit. 


\\\\\\\\\\\ 


inter 


Temporary 
Real Memory 
to 
ST(O) 


BCD Memory 
to ST(O) 


FST = STORE 


ST(O) to Integer/Real 
Memory 


FSTP = STORE AND POP 


ST(O) to Integer/Real 
Memory 


ST(O) to Temporary 
Real 
Memory 


ST(O) to BCD Memory 


Comparison 


FCOM = Compare 


Integer/Real 
Memory 
to ST(O) 


Integer/Real 
Memory 
to ST(O) 


ST(i) to ST(O) 


FCOMPP = Compare 
ST(1) to 
ST(O) and Pop Twice 


FTST = Test ST(O) 


I ESCAPE 
MF 


I ESCAPE 


I ESCAPE 
0 


I ESCAPE 
I ESCAPE 
0 
0 


I ESCAPE 
MF 


I ESCAPE 
1 
0 


I ESCAPE 
MF 


I ESCAPE 


I ESCAPE 
0 


I ESCAPE 


I ESCAPE 
0 


I ESCAPE 
0 
0 
1 


I ESCAPE 
IESCAPE 


ESCAPE 
MF 
0 


ESCAPE 
0 
0 
0 


Optional 
',I.alt 
Displacement 


R/M 
[ 
- 


RIM 
[ 
= __ DI~P_ 
=: 


RIM 
[ 
~ 
_ 
~I~P 
_ 
: 


o 
RIM 
[ 


o 
ST(i) I 


1 
1 
0 
0 
1 
ST(i) I 


o 
RIM 
[~ 


o 
ST(i) I 


MOD 
0 
RIM 
'= 
DISP 
=: 
o 
ST(I) 
I 


o 
0 
I 


o 
0 
0 
0 I 


o 
0 
0 
I 


Clock Count Aanga 


32 Bit 
32 Bit 
14 Bit 


R•• I 
Intege, 
R.al 


63-73 
80-93 
67-77 


45-52 


4.0V 
CKM 
~ 0 


2.4V 
CKM 
~ 1 
3.6V CKM 
~ 0 


2.0V CKM 
= 1 
CLK 
INPUT 


1.0V 
CKM 
~ 0 
CKM 
=0 


O.45V 
CKM 
~ 0 
O.6V 
CKM 
~ 1 
CKM 
= 1 


O.45V 
CKM 
~ 1 


'HOLD 


2.4V 


OTHER 
2.0V 
2.0V 


DEVICE 
INPUT 


O.8V 
O.8V 
O.45V 


I--- 
'Q£LAY 


2.0V 


O.8V 


inter 
80287 


Table 6. 80287 Extensions 
to the 80286 Instruction 
Set (Continued) 


Optlona' 
Clock 
Count 
Ranll. 


8,1'BII 
32 Bit 
32 BII 
14 BII 
18BII 
Constents 
DI.pllle.m.nt 
R.al 
Int·II·' 
R.al 
Int·II·' 


MF 
00 
01 
10 
11 


FLDZ = LOAD + .0.0 into ST(O) 
ESCAPE 
0 
0 
1 
1 
0 
1 
1 
1 
0 
11-17 


FLD1 = LOAD + 1.0 Into ST(O) 
ESCAPE 
0 
0 
1 
0 
1 
0 
0 
0 
15-21 


FLDP' = LOAD" 
into ST(O) 
ESCAPE 
0 
0 
0 
0 
16-22 


FLDL2T = LOAD log2 10 into 
ESCAPE 
0 
0 
0 
0 
16-22 


ST(O) 


FLDL2E = LOAD log2 e into 
ESCAPE 
0 
0 
0 
15-21 
ST(O) 


FLDLG2 = LOAD log,o 2 into 
ST(O) 
ESCAPE 
0 
0 
1 
0 
0 
18-24 


FLDLN2 = LOAD log.2 
into 
ESCAPE 
0 
0 
1 
0 
0 
17-23 
ST(O) 


Arithmetic 


FADD = Addition 


Intege,/Real 
Memory with ST(O) 
ESCAPE 
MF 
MOD 
0 
RIM 
[ 
DISP 
, 
90-120 
108-143 
95-125 
102-137 
j 


ST(I) and ST(O) 
ESCAPE 
d 
P 
1 
1 
0 
0 
0 
ST(i) 
I 
70-100 (Note 1) 


FSUB = Subtraction 


IntegerfReal 
Memory with ST(O) 
ESCAPE 
MF 
MOD 
0 
R 
RIM 
r 
DISP 
-, 
90-120 
108-143 
95-125 
102-137 
..! 


ST(i) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
0 
R 
RIM 
l 
70-100 (Note 1) 


FMUl 
== Multiplication 


Integer/Real 
Memory with ST(O) 
ESCAPE 
MF 
MOD 
0 
0 
RIM 
[ 
DISP 
, 
110-125 
130-144 
112-168 
124-138 
i 


ST(I) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
0 
0 
RIM 
I 
90-145 (Note 1) 


FOIV 
:::>: Division 
[ 
Integer/Real 
Memory with ST(O) 
ESCAPE 
MF 
0 
MOD 
R 
RIM 
DISP 
, 
215-225 
230-243 
220-230 
224-238 
i 


ST(i) and ST(O) 
ESCAPE 
d 
P 
0 
1 
1 
R 
RIM 
I 
193-203 (Note 1) 


FSQRT = Square Root of ST(O) 
ESCAPE 
0 
0 
1 
1 
1 
0 
0 
180-186 


FSCALE = Scale ST(O) by ST(1) 
ESCAPE 
0 
0 
1 
0 
32-38 


FPREM = Partial Remainder 
01 
ESCAPE 
0 
0 
1 
1 
1 
1 
1 
1 
0 
0 
0 
15-190 
ST(O) +ST(1) 


FRNDINT = Round ST(O) to 
ESCAPE 
0 
0 
1 
1 
1 
1 
1 
1 
1 
0 
0 
16-50 
Integer 


210920-20 


NOTE: 
1. If P = 1 then add 5 clocks. 


FABS = Absolute Value of 
Sl(O) 


FeHS = Change Sign of Sl(O) 


FPATAN = Partial Arctangent 
of Sl(O) +Sl(1) 


F2XMl 
= 25110)_1 


FYL2X 
= Sl(l)' 
Log2 
ISl(O)l 
. 


FYL2XPl 
= Sl(1)' 
Log2 


ISl(O) +' I 


Procelsor 
Control 


FSETPM 
= Enter Protected 
Mode 


FSTSW AX = Store Control 
Word 


li, 


11 
1 


Option.' 
1.18 Bit 
DI.lecement 


~O 
000 


ESCAPE 
0 
0 
I MOD 


ESCAPE 
0 
0 
I MOD 


ESCAPE 
0 'J MOD 


ESCAPE 
0 
I ' , 


I~'~'~,I~~·~J 


I~·~~I~.~~~: 


I~~~I~~~j 


[ ~?~~~J 
I==~~~=J 
I~~~~~=J 


Clock Counl1l8nll8 


ESCAPE 
1 0 
1 I , 
1 
0 
0 
0 
ST(i) 
9-16 


ESCAPE 
0 
0 
1 I 1 
1 
0 
1 
0 
0 
0 
0 
10-16 


210920-22 


NOTES: 
1. if mod = 00 then 
DISP = 0'. 
disp-Iow 
and disp-high 
are absent 


if mod = 01 then 
DISP = disp-Iow 
sign-extended 
to 16-bits. 
disp-high 
is absent 


if mod = 10 then 
DISP = disp-high; 
disp-Iow 


if mod = 11 then rim is treated 
as an ST(i) field 


2. if rim = 000 then 
EA = (BX) 
+ 
(SI) +DISP 


if rim = 001 then 
EA = (BX) 
+ 
(DI) +DISP 


if rim = 010 then 
EA = (BP) 
+ 
(SI) + DISP 


if rim = 011 then 
EA = (BP) 
+ 
(DI) + DISP 


if rim = 100 then 
EA = (SI) + 
DISP 


if rim = 101 then 
EA = (DI) + 
DISP 


if rim = 110 then 
EA = (BP) 
+ 
DISP 


if rim = 111 then 
EA = (BX) 
+ 
DISP 


'except 
if mod = 000 and rim = 110 then 
EA = disp-high; 
disp-Iow. 
3. MF = Memory 
Format 
00-32-bit 
Real 
01-32-bit 
Integer 
10-64-bit 
Real 
11-16-bit 
Integer 
4. ST(O) = Current 
stack 
top 
ST(i) = 
ith register 
below 
stack top 


5. d = Destination 
Q-Destination 
is ST(O) 
1-Destination 
is ST(i) 
6. P = Pop 
Q-No 
pop 
1-Pop 
ST(O) 
7. R = Reverse: 
When 
d = 1 reverse 
the sense 
of R 


Q-Destination 
(op) Source 


1-8ource 
(op) Destination 


8. For FSQRT: 
-0 
~ ST(O) ~ 
+ 00 


For FSCALE: 
-215 
~ ST(1) < +215 
and ST(1) integer 


For F2XM1: 
0 ,;; ST(O) ,;; 2-1 


For FYL2X: 
0 < ST(O) < 
00 


- 
00 < ST(1) < + 00 
For FYL2XP1: 
0 ~ IST(O)I < (2 - 
v'2)/2 


-00 
< ST(1) < 00 
For FPTAN: 
0 ,;; ST(O) ~ .,,/4 


For FPATAN: 
0 ,;; ST(O) < ST(1) < + 00 
9. ESCAPE 
bit pattern 
is 11011. 


The following 
list represents 
the key differences 
between 
this and the -006 80287 
Data Sheet. 
Please review 
the summary 
carefully. 


1. The ClK 
speed 
table 
in the section 
entitled 
"SYSTEM 
CONFIGURATION 
WITH 80286" 
was modified 
to 
show the required 
ClK 
frequencies 
in the divide-by-3 
mode {CKM 
= 0) for the 287 speeds 
tabulated. 


2. Obsolete 
components 
were replaced 
with readily available 
components 
in Figure 4A. 


3. In the AC TIMING 
REQUIREMENTS 
table, the timing symbols. 
TAVRl 
and TAVWl 
were reversed 
in order to 
match the parameter 
description. 


ir1lE!f 
82258 


ADVANCED DIRECT MEMORY ACCESS COPROCESSOR 


(ADMA) 


• High Performance 
16 Bit DMA 
• Automatic 
Data Chaining 
for Gathering 
Coprocessor 
for the 80386, 80286 and 
and Scattering 
of Data Blocks 
80186 Families 
• 16 MByte Addressing 
Range 
- 
8 MByte/sec 
Maximum 
Transfer 
Rate 


in 8 MHz 80286 Systems 
• 16 MByte 
Block Transfer 
Capability 
• Four Independently 
Programmable 
• "On the Fly" Compare, 
Translate 
and 


Channels 
Verify 
Operations 


• Multiplexor 
Channel 
Capability 
to 
• Automatic 
Assembly/Disassembly 
of 


Support 
Up to 32 Subchannels 
Data 


• On Chip Bus Interface 
for the Whole 
• Programmable 
Bus Loading 


8086 Architecture 
• 6 and 8 MHz Speed Selections 
-80286 
Available 
in 68-Pin LCC and PGA 
-80186/188 
• 


-8086/88 
Packages 


(See Packaging 
Spec. 
Order 
# 231369) 
• Command 
Chaining 
for CPU 


Independent 
Processing 


INTRODUCTION 
Intel's 
82258, 
Advanced 
Direct 
Memory 
Access 
Coprocessor 
is a high performance, 
16 bit DMA processor 


optimized 
for the 80286, 80186 and the 8086 families 
of CPUs and compatible 
with 80386 CPU. It has on-chip 
bus interface 
for the whole 
8086 
family 
architecture. 
Four high speed, 
independently 
programmable 
DMA 
channels 
can achieve 
a maximum 
cumulative 
transfer 
rate of 8 MByte/sec 
in an 8 MHz 80286 
system 
and 
4 MByte/sec 
in 8 MHz 8086/80186 
systems. 
Channel 
3 can be used as a Multiplexor 
channel, 
whereby, 
it 
supports 
32 subchannels. 
This flexibility 
allows one to use a single DMA channel 
to handle a large number of 


slow and medium speed I/O devices. 
Advanced 
capabilities 
like Command 
and Data chaining 
and "On the fly" 


operations 
allow the 82258 
to remove 
the I/O management 
load from the processor. 
The 82258 
addresses 
the full 80286 CPU memory 
(16 MB for 80286), thus simplifying 
the system design. Automatic 
assembly/disas- 


sembly 
of data allows 
16 bit processors 
to interface 
with common 
8 bit peripherals 
and vice-versa. 
Remote 
mode 
of operation, 
where 
the 82258 
has its own resident 
bus, allows 
modular 
system 
design. 
The 82258 
complements 
the high performance, 
multitasking 
capabilities 
of the 80286. 


..... 
•••••••• 
•••••• 
•••••••• 
•••• 
••••••••• 


CIWIN"- 
••••••••• 
••••••••• 
mrus 
••••••••• 


1IU1IlPWDR 
CHAHIiIEL 
REG . 


The 82258 is a 68 pin device, fabricated in Intel 
HMOS II technology. It is packaged in JEDEC type A 
hermetic leadless chip carrier and pin grid array. 


The 82258 has four operational modes 
- 
286 
- 
186-for 
the 80186/88 and the 8086/88 (Min. 
mode) CPUs 
- 
8086-for 
the 8086/88 (Max. mode) CPUs 


- 
Remote 


Pins of the 82258 have different definitions for differ- 
ent modes. 286 and remote modes have the same 
non-multiplexed bus structure and similar pin de- 
scriptions. Similarly, the 186 and the 8086 modes 
have multiplexed bus and similar pin description. 


In the 286 mode, the bus signals and the bus timings 
of the 82258 are the same as those of the 80286 
processor. The processor can access the internal 
registers of the 82258 and these accesses must be 
supported by the bus signals. Therfore, some of the 
bus control signals are bidirectional and some addi- 
tional bus control signals are necessary. 


Ilt 
All 
AI' 
Ilt 
Ilt 
A11 
A11 
~ Ilt 
Dl 
AI' 
AI' 
~ 
~ 
DI 
~ 
~ Dl 


Al. 
AI' 
DI 
Of 
Alll 
Alll ~ 
~ 


DID 
~ 
~ 
Of 


AZ1 
AZ1 
DID 
D3 
AZ2 
AZ2 ~ 
~ 
, 
D3 
011 
AD 
A23 
~ 
, 
~ Dll 
vcc 
ImI 
vcc 
va: 


D4 
iiACiI iiifiIi , 
~ vcc 
D4 
012 
Da1 
DACIll , 
~ 


Ilt 
omz 
DACIl2 , 
~ D12 
, 
D5 
013 
1 
" 
DAtil 
DACIl3 
~ 
Ilt 
EDDD 
EDDD ~ 
~ D13 
III 
01. 
EDD1 
EDD1 
~ Dl. 
D7 
EDD2 
EDD2 
~ D7 
D15 
EDD3 
EDD3 ~ 
5 
D15 
. 


~Y~~~TTT~Y~~~TTT~ 
~ii~llIill;;IIl!I!lii iill/ill 
PIll 110. 1_ 
lililliii i'!ll!II';;il~~U~ 
231263-2 


PGA 


35 
37 
39 
41 
43 
45 
47 
49 
51 


@)@)@)@)@)@)@)@)@) 
36 
53 
34 
@) @ @) 
@) 
@) 
@) 
@) 
@) 
@) 
@) @ 
52 


32 
@) 
@) 3~8 
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46 
48 
535@) 
@) 
54 


30 
@) 
@)31 
57@) 
@) 
56 


28 
@) 
@)29 
59@) 
@) 
58 


26 
@) 
@)27 
82258 
61 @) 
@) 
60 


24 
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63@) 
@) 
62 
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65@) 
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Figure 2. Pin Configuration 
in 286 Mode 


3-83 


inter 


Pin 
Identical 
Symbol 
Type 
In 
Functions 
Input (I) 
Number 
All Modes 
Output (0) 


BHE 
1/0 
1 
YE5 
BUS HIGH ENABLE indicates transfer of data on the upper 
byte of the data bus, D15-D8. 
Eight bit devices assigned to 


the upper byte of the data bus would normally use BHE to 
condition chip select function. BHE is active LOW and 
floats to Tri-5tate OFF when the 82258 does not own the 
bus. 
BHE and AO Encoding 


BHE 
AO 
Function 
Value 
Value 


0 
0 
Word Transfer (D15-DO) 


I' 
0 
1 
Byte Transfer on upper half of data 
bus (D15-D8) 
1 
0 
Byte Transfer on lower half of data 
bus (D7-DO) 
1 
1 
Odd addressed byte on 8 bit 
bus (D7-DO) 


RD 
I 
2 
NO 
READ command in conjunction with chip select (CS) 
enables reading out of the 82258 register, addressed by 
the address lines A7-AO. RD is an active LOW signal and is 
asynchronous to the 82258 clock. 


WR 
I 
3 
NO 
WRITE command along with C5 is used for writing into the 
82258 registers. WR is an active LOW signal and is 
asynchronous to the 82258 clock. 


DREQ3-DREQO 
I 
4-7 
YE5 
DMA REQUEST input signals are used for externally 
synchronized DMA transfers. If channel 3 is used as a 
Multiplexor channel, DREQ3 is defined as 1/0 Request 
. 
(IOREQ) signal. These signals are active HIGH signals and 
are asynchronous to the 82258 clock. Unused DREQn 
lines should not be left floating, but should be tied inactive 
toVss· 
CS 
I 
8 
NO 
'CHIP SELECT is used to enable a processor to access the 
82258 registers. This access is additionally controlled 
either by bus status signals or by the Read or Write 
command signals. C5 is an active LOW signal, 
asynchronous to the 82258 clock. 


READY 
I 
10 
NO 
BUS READY terminates a bus cycle. Bus cycles are 
extended without limit until terminated by an active READY. 
READY is an active LOW, synchronous input, requiring set 
up and hold times relative to system clock to be met for 
correct operation. 


51,50 
1/0 
11,13 
YE5 
BUS CYCLE STATUS signals control the support circuitry. 
The beginning of a bus cycle is indicated by 51, or 50, or 
both going active. The termination of a bus cycle is 
indicated by all the status signals going inactive in the 186 
mode or the bus ready (READY) going active in the 286 
mode. Both 50 & 51 are active LOW signals. 50, 51 along 
with 52 (in the 186 mode) or MIlO (in the 286 mode) define 
the type of bus cycle. 52 and MIlO have the same meaning 
but, in the 186 mode 52 signal can be active only when at 
least one of 51 and 50 is active, whereas in the 286 mode 
the M/iO signal is valid with the address on address lines. 


inter 


Table 
1. Pin Description 
for the 286 Mode 
(Also Contains 
Pins Identical 
in Other Modes) (Continued) 


Pin 


Type 
Input (I) 
Output 
(0) 


Identical 
In 
All Modes 


The 82258 Bus Cycle Status Definitions 
(82258 Local Bus Master, All Signals (0» 


MilO 
orS2 
o 
0 
0 
Read I/O-Vector 
(For Multiplexor channel) 


o 
0 
1 
Read from 1/0 space 


o 
1 
0 
Write into I/O space 


o 
1 
1 
None. (Does not occur 
in the 186 mode). 


o 
0 
None. (Does not occur) 


o 
1 
Read from memory space 


1 
0 
Write into memory space 


1 
1 
None; not a bus cycle 


When the 82258 is not a bus master of the local bus. the 
status signals are used as inputs for detection of 
synchronous accesses to the 82258. 


Interpretation 
of the Status and CS Signals 
by the 82258 
(82258 Slave, All Signals (I» 


CS 
S1 
SO 
Interpretation 


X 
X 
82258 not selected 
(No action) 


o 
0 
0 
No 82258 access 
(No action) 


o 
0 
1 
Read from an 82258 register 


o 
1 
0 
Write into an 82258 register 


o 
1 
1 
Not a bus cycle' 


': The 82258 is selected but no synchronous access is 
activated. The 82258 monitors RD and WR signals for 
detection of an asynchronous access. 


SYSTEM CLOCK provides the fundamental system timing. It 
is divided by two to generate the 82258 internal clock. ClK is 
an active HIGH signal which can be connected directly to the 
82284 ClK output. The internal divide-by-two circuitry is 
synchronized to the external clock generator by a lOW to 
HIGH transition on the RESET input, or by first HIGH to lOW 
transition on the Status Input SOor S1 after RESET. 


MEMORY 110 SELECT distinguishes between memory and 
1/0 space addresses. 


SYSTEM RESET forces the 82258 to the initial state. RESET 
is an active HIGH signal and must be synchronous to the 
system clock. Reset must be activated for at least 16 ClK 
cycles. 


inter 


Pin 
Identical 
Symbol 
Type 
In 
Functions 
Input (I) 
Number 
All Modes 
Output (0) 


HOLD 
0 
16 
NO 
BUS HOLD REQUEST AND HOLD ACKNOWLEDGE 


HLDA 
I 
17 
control ownership of the local 82258 bus. When active, 


: 


HOLD indicates a request for the control of the local bus. 
HOLD goes inactive when the 82258 relinquishes the bus. 
HLDA, when active, indicates that the 82258 can acquire 


I 


the control of the bus. When HLDA goes inactive, the 
82258 must relinquish the bus at the end of its current 
cycle. HLDA may be asynchronous to the system clock. 
Both HOLD and HLDA are active HIGH signals. 


D15-DO 
I/O 
18-25, 
NO 
OATA BUS is the bidirectional 16 bit bus. For use with an 8 


27-34 
bit bus, only the lower 8 data lines DO-D7 are relevant. The 
data bus is active HIGH. 


AO-A7 
I/O 
35-42 
NO 
ADDRESS LINES AO-A7 are the lower 8 address lines for 
DMA transfers. They are also used to input the register 
address when the processor accesses an 82258 register. 
All lines are active HIGH. 


A8-A23 
0 
44-59 
NO 
ADDRESS LINES A8-A23 
form the remainder of the 


82258 address bus. Address bus is active HIGH. PIn A21 
must have a pull-up 
resIstor 
(n 10k OJ connected 
to It 


to ensure that It Is hIgh durIng reset. 


DACKO-DACK3 
0 
61-64 
YES 
DMA ACKNOWLEDGE 
signal acknowledges the requests 


of the corresponding DREQ signal. DACKi goes active 
when the requested transfers are performed on the 
channel i in response to a DREQL If channel 3 is in the 
multiplexor mode, DACK3 is defined as I/O acknowledge 
(IOACK). These signals are active LOW. 


EODO-EOD3 
I/O 
65-68 
YES 
END OF DMA signals are open drain drivers with internal 
high impedance pull up resistors (an external pull-up 
resistor is required) and can be used as quasi-bi-directional 
lines. These signals are active LOW. 
As OUTPUTs the signals are activated (if enabled) for two 
T-STATE cycles at the end of the DMA transfer of the 


· 


corresponding channel or they are activated under 
program control (End of DMA output or interrupt output). 
, 


EODs acts as "End of DMA" level triggered INPUTs if the 
signals are held high internally but forced low by the 


· 


external circuitry for at least 250 ns. The current transfer is 
aborted and the 82258 continues with the next command. 
EOD2 can also be used as a common active high interrupt 


• 
signal (INTOUT) for all four channels. In this mode, this 
signal is a push-pull output and not an open drain output. 
Other EODi pins may still be used in their regUlar I/O mode. 


Vss 
I 
9,43 
YES 
SYSTEM GROUND: 0 Volt. 


Vcc 
I 
26,60 
YES 
SYSTEM POWER: + 5V Power Supply Pin. 


inter 


The 80186 
has a multiplexed 
bus structure. 
Therefore, 
many 82258 
pins have different 
meaning 
in the 186 
mode than in the 286 mode. Since the 80186 has 20 address 
lines compared 
to 24 for the 80286, the 4 extra 
lines are used to generate 
additional 
bus control 
signals. The following 
table gives the details 
of pins having 
different 
meaning 
in the 186 mode compared 
to the 286 mode: 


All1S3 
A171S4 


All1S6A_ 


Dfii 
Drm 


ALE 
AHEADY 
vet: 


DACKD 
DAtil 
DAti 
2 
DAtU 


EOD D 
EOD 1 
EDD 2 
roD3 


S31All 
WA17 
S5/Al' 
WAI. 


DEN 
DTm 
AU 
AREADY 
Vet: 
DAeI 
D 
DACll 
DAtU 
DACl3 
EOD D 
EDD 1 
EOD 2 
EOD 3 


35 37 39 41 43 45 47 49 51 


@@@@@@@@@ 
36 
53 
34 
@ 
@ @ @ 
@ @ @ @ @ @ 
@ 
52 
32 @ 
@3~8 40 42 44 46 48 5~5@ 
@ 
54 


30 @ 
@31 
57@ 
@ 
56 


28 @ 
@29 
59@ 
@ 
58 


26 @ 
@27 
82258 
61@ 
@ 
60 


24 
@ @25 
63@ 
@ 
62 


22 @ 
@23 
65@ 
@ 
64 
L.- 
....J 


20 @ @2l6 
14 12 10 
8 
6 17@ @ 
66 
18 @ @ @ @ @ @ @ @ @ @ 
@ 
68 
19 
2 
@@@@@@@@@ 


17 15 13 
11 
9 
7 
5 
3 
1 


inter 


Pin 


Symbol 
Type 
Functions 
Input (I) 
Number 
Output (0) 


RD,WR 
I/O 
2,3 
READ, WRITE 
In the 186 mode, the RD & WR pins are used 


additionally 
as output pins to support the 80186 or the 8086 
minimum systems. 
These signals are active lOW. 


ALE 
0 
58 
ADDRESS 
LATCH ENABLE signal provides 
a strobe to separate 


the address information 
on the multiplexed 
address-data 
lines. 


i 
ALE is an active HIGH signal. 


DEN 
0 
56 
DATA ENABLE signal is used for enabling 
the data transceiver, 


8286/8287. 
DEN is an active lOW 
signal. 


DT/R 
0 
57 
DATA TRANSMIT/RECEIVE 
signal controls 
the direction 
of data 


flow through the external 
data bus transceiver, 
depending 
on 


whether 
a read, or a write bus cycle is performed. 
This pin must 


have a pullup resistor 
connected 
to It to ensure 
that It Is high 


during reset. 


SREADY 
I 
10 
SYNCHRONOUS 
READY input signal must be synchronized 


externally. 
Use of this pin permits a relaxed system and timing 


specification 
by eliminating 
the clock phase, required for resolving 


the signal level, when using AREADY 
input. SREADY 
is an active 


HIGH signal. 


ClK 
I 
12 
SYSTEM CLOCK input gets a pre scaled signal from the 186 
clock (ClKOUT) 
or the 8086 clock (50% duty cycle for 186 and 


33% duty cycle for 8086). No internal prescaling 
is done. ClK 
is 


an active HIGH signal. 


S2 
0 
14 
STATUS 
SIGNAL 
along with SO and $1 provides 
the bus cycle 


description 
(for details see 286 mode pin description 
of SO and 


S1). 


ADO-AD15 
I/O 
18-25 
ADDRESS/DATA 
BUS signals ADO-AD15 
contain 
multiplexed 


27-34 
lower address and data information. 
Also, the demultiplexed 
AO-A7 
I/O 
35-42 
address information 
is available 
on address pins AO-A 15. 
A8-A15 
0 
44-51 


A16/S3-A19/S6 
0 
52-55 
ADDRESS 
PINS A16-A19 
are multiplexed 
with additional 
status 


information 
on the bus cycle. These pins are active HIGH. 


Signals S5 and S6 provide information 
on the status of the bus 


cycle. During an active bus cycle, S6 is always high and S5 always 
low. low 
S6 implies a processor 
bus cycle. 
Signals S4 and S3 give the channel 
number for the running bus 


cycle as follows: 


S4 
83 
Channel 
Number 


0 
0 
0 


0 
1 
1 
1 
0 
2 


1 
1 
3 


AREADY 
I 
59 
ASYNCHRONOUS 
READY is an asynchronous 
bus ready signal. 


The rising edge is internally 
synchronised. 
During reset, AREADY 


must be low to enter the 82258 into the 186 mode. AREADY 
is an 


active HIGH signal. 


inter 


For the 8086 MIN configuration 
the ~ning 
is identical 
to the 186 mode. For the 8086 MAX configuration, 
the 


bus arbitration 
is done via the RQ/GT 
protocol. 
Otherwise, 
the function 
of pins is identical 
to the 186 mode. 


D 


A111S3 
I3IA16 
A17~ 
$IIA17 
A1W 
I5IA1' 
l1"" 
1111.1. 
~ 
iiii 


DTIR 
DTIR 
AU 
AU 
AAWlY 
_ 
Yet 
va: 


DAtil:. 
DACIt 
D 
DACl1 
DACX 1 
GAel! 
DAtI(2 
OACl3 
DACX3 
EDD0 
(DO 0 


EOD 1 
EGO 1 


EOO 2 
EOO 2 
roo 3 
EDO 3 
1"','" ., •. -r."....". or .•.. ,. ..••..•. T 
.•.. ,..T ..•....,. 


35 37 39 41 43 45 47 49 51 
@@@@@@@@@ 


34 @36@ @ @ @ @ @ @ @ @S3@ 52 


32 @ 
@3~8 40 42 44 46 48 sgs@ 
@ 
54 
:~::::[J~:::~: 
26 @ @27 
82258 
61@ 
@ 
60 


24 @ @25 
63@ 
@ 
62 


22 @ @23 
65@ 
@ 
64 


20 @ @216 
14 12 to 
8 
6 17@ @ 
66 


18 
@1S§> @ @ @ @ @ @ @ @2 @ 
68 


@@@@@@@@@ 
.I 


17 15 13 1t 
9 
7 
5 
3 
1 
Bottom 
View 


Pin 


Symbol 
Type 
Functions 
Input (I) 
Number 
Output{O) 


RQ/GT 
I/O 
16 
REQUEST IGRANT 
implements 
a one line communication 


protocol 
to arbitrate 
the use of the system bus; normally 
done 


via HOLD/HLDA. 
RQ/GT 
is an active LOW signal having an 


internal 
pull-up resistor. 


HLDA 
I 
17 
HOLD ACKNOWLEDGE 
has no meaning 
in the 8086 (Max) 


mode. It should be tied high for mode recognition 
during reset. 


Table 3. Changes 
In Pin Description 
In the 8086 (Max) Mode 
(Compared 
to the 186 Mode) 


inter 


In the remote 
mode, most of the signals have the same function 
as in the 286 mode. Exceptions 
are noted in 
the following 
table: 


.c=r:il:l••• I••~~~!~!i 
!i;~55~ •• I ••• 
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., 
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1M 
•• 
All 
All 
< 
•• 
.,. 
.Z1 
." 
< 
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'" 
'" 
< 
.. 
.,. 
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< 
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< 
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D1t 
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< 
.,. 


1M 
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1M 
.,. 
..... 
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1M 
!!!!! 
!!!!!J 
< 
1M 


"" 
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'14 
., 
::: .... j 
., 
.,. 
..., 
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35 37 
39 
41 43 45 
47 49 51 


@@@@@@@@@ 
34 @36@ @ @ @ @ @ @ @ @53@ 52 


32 @ 
@3~8 
40 
.(2 
.•.• 46 
48 
5~5@ 
@ 
54 


30 @ @31[J57@ 
@ 56 
28 @ @29 
59@ 
@ 58 


26 @ @27 
82258 
61@ @ 60 


24 @ @25 
63@ 
@ 62 


22 @ @23 
65@ 
@ 
64 


20 @ @2:6 
,.. 
12 10 8 
6 
27@ 
@ 
66 


18 @,fJ 
@ @ @ @ @ @ @ @2 @ 
68 
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17 15 
13 
11 
9 
7 
5 
.3 
1 


Pin 


Symbol 
Type 
Functions 


Input 
(I) 
Number 


Output 
(0) 


CS 
I 
8 
CHIP SELECT 
has two functions 
in the remote mode. As in 


the 286 mode, CS enables 
access to the 82258 internal 
registers. 
In addition 
CS works as an Access 
Request 
Input. 


When forced 
LOW, it signals to the 82258 that another 
bus 


master needs access to the local bus of the 82258. The 
82258 releases 
the bus as soon as possible 
and si~ls 
it to 


the CPU by activating 
BREL (Bus Release) 
output. CS is an 


active LOW signal. 


BREL 
0 
14 
BUS RELEASE 
signal is used to indicate when the 82258 


releases 
control 
of the resident 
bus. 


HOLD 
0 
16 
HOLD & HOLD ACKNOWLEDGE 
signals are used 
HLDA 
I 
17 
only for access to the system bus. They are connected 
to the 


bus arbiter (Le., 82289). Resident 
bus accesses 
are directly 


executed 
without the HOLD/HLDA 
sequence. 


inter 


The 82258 is an advanced DMA coprocessor for the 
8086 family architecture. In addition to providing 
high speed DMA transfers (8 MByte/sec 
in an 


8 MHz 80286 and 4 MByte/sec in 8 MHz 80186/86 
systems), the 82258 takes I/O processing load off 
the CPU, thus improving overall system perform- 
ance. The 82258 has advanced features not found 
in the previous generation DMA controllers: multiple- 
xor channel, command & data chaining and 'on the 
fly' data manipulation operations. 


The 82258 has a number of different modes of oper- 
ation based upon its coupling with the CPU (tight or 
loose) and its adaptive on-chip bus interface (the 
286 bus or the 186 bus). 


Figure 6 shows the different operating modes of the 
82258 and the CPUs it can interface with in those 
modes. Figure 7 shows how to configure the 82258 
into these different modes. 


LOCAL 
MODE 


In this mode the 82258 shares the local bus and all 
the support/control devices with the CPU. Because 
of its on-chip bus interface, the 82258 can be direct- 
ly coupled to the whole 8086 family of microproces- 
sors. 


BUS INTERFACE 


NON-t.4ULTIPLEXED 
t.4ULTIPLEXED 


BUS 
BUS 


80386 
80286 
DOES 
80186 
NOT 
80188 
EXIST 
8086 
8088 


80186 


80286 
80188 
8086 
8088 


(286 
t.40DE) 
(186/86 
t.40DE) 


I 
: 
[!]'i ~,I 


inter 


286 System 


The configuration in Figure 8 shows the 82258 in ~he 
local mode (286 mode) in an 80286 system which 
includes the Numeric Processor Extension, 80287. 
The 286 mode is selected during reset (Figure 7). In 
this mode the 82258 supports the non-multiplexed, 
pipelined 286 bus. The DMA coprocessor resides on 
the processor's 
local bus (physical pins of the 


80286) and shares all the support circuits: latches, 
tranceivers, bus controller and arbiter, clock genera- 
tor etc. By residing on the 286 bus, the 82258 
achieves maximum data transfer rate; up to 8 
MByte/sec 
at 8 MHz for single cycle transfer. 
HOLD/ HLDA protocol is used for bus exchange be- 
tween the 80286 and the 82258. The 82258 can be 
programmed to handle both intern~1 a~d e.xternal 
terminate conditions. Internal termination 
IS pro- 
grammed in the command block (in type 2 command 
as explained later). External termination is handled 
by the EOD (end of DMA) pins if they are enabled. 
Interrupts for the CPU are handled by an interrupt 
controller (~8259A) 
which receives the end of 


DMA pins (EOD 0-3) as interrupts. The mUltiplex~r 
channel uses external 8259As to prioritize and arbi- 
trate service requests between peripherals (Figure 
13). 


To link this system to the MULTIBU5~ bus architec- 
ture another set of latches, tranceivers, bus control- 
lers and a bus arbiter (Le., 82289) as shown in Fig- 
ure 11 (for remote mode configuration) are needed. 


186/188 (8086/8088 Mln) Systems 


The 82258 can be configured into the 186 mode dur- 
ing reset (Figure 7). In this mode it supports the 
80186 and the 8086 (Min) processors. It can be pro- 
grammed to support the 80188 and the 8088 (Min) 
by programming the bus width in General Mode 
Register (GMR). Figure 9 shows the 82258 u~ed In 
an 80186 system containing the 8087 numeric co- 
processor. This system uses the 8086 bipolar sup- 
port components: latches, transceivers and the bus 
controller 
(8288). The Integrated Bus Controller 


(82188) links the 80186 to the 8087. The 82188 is 
also used to support the 82258, since the 80186 has 
only one set of bus exchange signals (HOLD/ 
HLDA). An interrupt controller (8259A) processes 
the EOD signals for the CPU. 


In the 186 mode, the 82258 directly supports the 
80186/8086 
bus with 16 address bits internally mul- 
tiplexed into the data lines (AD15-ADO).The address 
pins A19-A16 are multiplexed with the status lines 
56-53. The address pins A22-A20 (in the 286 mode) 
are used to generate the control signals ALE, DEN 
and DT/R' (in the 186 mode). The A23 pin (in the 
286 mode) serves as an asynchronous ready input 
AREADY (in the 186 mode). As a master in the 186 


mode, the 82258 offers address lines A15-AO as 
latched outputs and shares all the 186/8086 support 
components with the processor. 


8086/88 Systems 


The 82258 is configured into the 8086 mode during 
reset (Figure 7). In this mode the 82258 supports 
8086/88 
in the 
maximum mode and uses the 


RQ/GT protocol for the processor - DMA coproces- 
sor bus exchange. The 8087 can be supported in the 
system without requiring the integrated bus control- 
ler, 82188. To support the 8088 system in the maxi- 
mum mode, the General Mode Register is pro- 
grammed for 8 bit bus width. Figure 10 shows the 
82258 in an 8086 system containing the 8087. The 
system configuration is very similar to the 80186 
system in Figure 9. 


REMOTE 
MODE 


The 82258 is configured to be in the Remote Mode 
(Figure 7) by programming the General Mode Regis- 
ter (RM bit), after putting the 82258 in the 286 mode 
during the reset. The 82258 has the bus timings and 
signals compatible to the 286 bus. 


In the remote mode, the ADMA can access two 
16 MByte address spaces normally called the resi- 
dent space and the system space. The ADMA does 
not distinguish between accessing an I/O device 
and accessing a memory in the remote mode, so 
either peripheral or memory can belong to either of 
the two spaces. 


In the remote mode, the 82258 is the sole local bus 
(resident bus) master and interlaces to the proces- 
sor through the system bus (using a bus arbiter). 
Therefore, the 82258 can work in parallel with the 
processor. The remote mode is useful for a modular 
I/O subsystem. 


Figure 11 shows the 82258 configured in the remote 
mode of operation. The peripherals interlace to the 
82258 on the resident bus. The resident bus compo- 
nents are similar to the ones used for the 286 sys- 
tem. Additional support components are used to 
interlace the 82258 to a system bus e.g. the MULTI- 
BUS. The 82258 
communicates with 
the 
CPU 


(80286) over the system bus. 


Since the 82258 is the only master of the local/resi- 
dent bus, it can start the local bus cycles without any 
bus arbitration. For system bus accesses, a dead- 
lock can arise if: 
- 
The 82258 occupies the local bus to gain access 
to the system bus and 
- 
The CPU (80286) occupies the system bus to 
gain access to the 82258 (through its local bus) 
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IRn 
8259... 
INT 


CS 
INT", 


SHE, 
A16-A19, 
ADO-AD1S 
52-SO 


READY 
eLK. 
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RESET 
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To prevent this deadlock, for the system bus ac- 
cesses the 82258 does not occupy the local bus 
until it has the system bus. Therefore, in the remote 
mode, the 82258 initiates all system bus accesses 
(and only these) through the HOLD/HLDA protocol. 
The local bus arbitration (for the CPU) is done 
through the CS and the BREL lines. 


Communication from the CPU to the 82258 is two- 
fold: 


- 
Some 82258 registers receive the main com- 
mands from the CPU, through the slave interface 
of the 82258. Access to the 82258 is either syn- 
chronous (usin9....QS,S1, SO) or asynchronous 
(using CS, RD, WR; S1 = S2 = 1). 
- 
Most of the data is transferred via the control 
space in the memory in terms of organization 
blocks e.g. command blocks and multiplexor ta- 


ble. Control space can lie in the memory space 
or the memory mapped I/O space (system or 
resident space for the remote mode) and can be 
dynamically changed with every start channel 
command. 


The CPU communicates with the 82258 by deposit- 
ing data in the memory and into the on-chip registers 
of the 82258. The CPU can access the 82258 gener- 
al registers and status registers, and can start a 
channel by writing the proper command to the gen- 
eral command register (GCR). The 82258 will then 
read the data from the memory command block and 
set itself up. 


Slave Interface 


The slave interface of the 82258 is used by the CPU 
to access the 82258 internal registers. Although 
most of the CPU to 82258 communication is done 
through memory based data blocks, some direct ac- 
cesses to the 82258 registers are necessary. For 
example, during the initialization phase the general 
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mode register (GMR) must be written to set up the 
82258 or, to start a channel the command pointer 
registor (CPR) and the general command register 
(GCR) must be loaded. During the system debug- 
ging phase, access to the 82258 internal registers is 
very important. 


The slave interface is enabled by the CS input and 
consists of the following lines: 


51, SO 
-Status 
Lines (inputs) 


RD, WR 
-Control 
Lines (inputs) 


A?-AO 
-Register 
Address (inputs) 


015-00 
-Data 
Lines (inputs/outputs)-(for the 
286 and the remote modes) 


AD15-ADO -Address/Data 
Lines 
(inputs/out- 


puts)-(for the 186 and 8086 modes) 


In the 286 mode and the 186/86 mode, two types of 
accesses are possible: 
- 
synchronous access through the status lines Si 
and SO 
- 
Asynchronous access using RD and WR 


The register address must be supplied on the ad- 
dress pins A?-AO, except for the synchronous ac- 
cess in the 186/86 mode. Address data lines AD?- 
ADOare used for the register address information in 
case of a synchro~ous access in the 186/86 mode. 


In the remote mode, a synchronous access is not 
possible as the 82258 has to release its local bus to 
enable the CPU to access its registers. On receiving 
an access request (CS input asserted), the 82258 
releases the local bus as soon as possible and sig- 
nals it by asserting the BREL line. Only then, can the 
CPU access the 82258 registers. 


The 82258 to the CPU communication is also two- 
fold: 


Hardware based communication, using one or 
more EOD lines as interrupt request lines to the 
CPU.The CPU can then read the status registers 


(and the interrupt vector register for the multi- 
plexor channel) and service the interrupt. 


- 
Control space based communication: At the end 
of a DMA transfer, the 82258 writes the contents 
of the appropriate channel status register into 
the channel command block. Additionally, it may 
transfer some other information (e.g. the updat- 
ed source pointer) into the command status 
block. 


The 82258 updates its internal registers (e.g. the 
channel command pointer, the general status regis- 
ter etc.) for any CPU access. 


82258 - 
PERIPHERAL 
COMMUNICATION 


The DMA interface of the 82258 is used for its com- 
munication with the peripherals. It consists of three 
signal lines: 
DREQ -DMA 
Request 
DACK -DMA 
Acknowledge 


EOD 
-End 
of DMA 


DREQ and DACK control the externally synchroniz- 
ed DMA transfers. A burst of data is transferred for a 
continuous DMA request, as long as the request sig- 
nal is active. 


EOD lines, which are quasi-bidirectional, enhance 
the 
82258-Peripheral 
communication 
link. First 


these can be used as inputs to the 82258 to receive 
an asynchronous external terminate signal to termi- 
nate a running DMA. As outputs, they can be used to 
interrupt the CPU and/or to signal a specific status 
to the peripheral (e.g. transfer aborted or, end of a 
block or, send/receive next block..). In addition, the 
EOD output of channel 2 can be used as a collective 
interrupt output (INTOUT) for all the DMA channels 
while the other three EOD lines retain their normal 
function. 


An EOD output signal can be generated synchro- 
nous to a synchronising device at the last data trans- 
fer or, synchronous to the internal clock at the last 
destination cycle. An EOD can also be generated 
asynchronously through a Type 2 command. 


HOLD/HLDA 
Sequence 


These signals are used for the bus arbitration in the 
286 mode and the 186/88 (8086/88 Min.) mode. 
Whenever the 82258 needs the bus, it activates the 
HOLD signal and the processor surrenders the local 
bus as soon as possible by asserting HLDA. The 
82258 performs the transfer and switches the HOLD 
to low. The processor takes the bus and switches 


the HLDA to low. To force the 82258 to surrender 
the bus the HLDA must be set to low. The 82258 
will rele~se the bus after the currently running bus 
cycle or the unseparable bus cycles. Unseparable 
bus cycles are: 
- 
The two 
10 acknowledge bus cycles for the 


8259A PIC. 


- 
Word transfers on odd boundary addresses, real- 
ised by two bus cycles where each transfer is a 
byte. 


- 
Fetch of 24 bit address pointers out of the memo- 
ry or restore of the pointers. 


- 
Read- modify- write the 8259A mask registers. 


The 82258 signals the surrendering of the bus by 
floating the bus and removing the HOLD signal. If 
requests for bus cycles are present, the HOLD will 
go active after a delay of two T-states. 


RQ/GT Sequence 


RQ/GT protocol is used for the 8086/88 
(Max.) 


Mode. The 82258 requests the bus by sendir:!9...- 
a 


~uest 
pulse of one CLK period length, via the RQ/ 


GT signal, to the processor. The processor acknowl- 
edges it with a pulse on the same line. Then the 
82258 controls the bus. When surrendering the bus, 
it sends a release pulse on the RQ/GT line. 


CS/BREL 
Sequence 


This is used in the remote mode along with the 
HOLD/HLDA 
signals. HOLD/HLDA 
are used for 


system bus arbitration and CS/BREL for local bus 
arbitration (to allow the CPU to access the 82258 
~isters 
or the resident bus). The CPU asserts the 


CS signal to ask for the local bus and the 82258 
releases the bus as soon as possible by activating 
BREL. After the CPU has completed its access, it 
should set CS high. The 82258 deactivates BREL 
and proceeds with its own bus cycles on the local 
bus. 


NOTE: 


When the 82258 is not in possession of the bus, all 
output signals are tristat~ 
except the following: 


HOLD (except in the RQ/GT protocol), DACKO- 
DACK3, EODO-EOD3, 
BREL (remote mode) and ALE (186 mode) 


The 82258 has four independently programmable 
DMA channels with their own register sets. All chan- 
nels can be used as high speed selector channels 
for achieving maximum transfer rate or channel 3 
can be used as a multiplexor channel to allow the 
82258 to interface to a large number of I/O devices. 
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The selector channels support synchronised and 
non synchronised transfers as well as advanced fea- 
tures like single cycle transfer, command and data 
chaining. Channel switching imposes no perform- 
ance penalty on the 82258. Programmable priority 
schemes allow flexible multiple channel processing. 


Channel 3 of the 82258 can also be operated as a 
multiplexor channel supporting up to 32 subchan- 
nels. External 8259As are used to arbitrate and pri- 
oritize channel requests (Figure 13). Multiplexor 
channel allows command chaining but data chaining 
is not supported. 


As a multiplexor channel, channel 3 uses an exter- 
nal multiplexor table (MT) in the memory to store 
separate command pointers and, the PIC (8259A) 
mask register locations for each device in that chan- 
nel. Each entry in the MT consists of 8 bytes; the 
first 4 give the command pointer for the subchannel 
and the second 4 the address of the mask register 
of the 8259A for that subchannel (Figure 14). 


After an I/O request from the 8259A, the 82258 
fetches an 8 bit vector (device number) from the in- 
terrupt controller (by the INT/INTA mechanism), left 
shifts it by three and, uses that as an offset into the 
multiplexor table with that entry pointing to the cur- 
rent subchannel command block. The 8259A should 
be programmed for AEOI mode. 


Each subchannel can have a subchannel program 
or a command chain. The command chain must be 
terminated by a stop and mask command (as op- 
posed to a stop command for a selector channel). 
Three kinds of data transfers are possible: 


Byte/Word 
One byte/word is transferred per 


Multiplex: 
request. The source/destination 
pointer and the byte count fields 
of the command block are updat- 
ed. The command pointer is not 
advanced until the block transfer 
is terminated. Maximum cumula- 
tive data transfer rate of 275K 
Bytes/sec can be achieved for 
the channel. 


Single Transfer: Similar to the byte/word multplex. 


But, the command pointer is ad- 
vanced after each transfer, thus, 
executing command chaining. 


Block Multiplex The whole command block is ex- 
Transfer: 
ecuted and a block transfer made 
upon receiving a request. Such 
transfer is necessarily free run- 
ning or non-synchronized and is 
carried out at a maximum speed 
of 4 MByte/sec 
in an 8 MHz 


80286 system. After termination, 
the 
command 
pointer 
is 
ad- 


vanced (command chaining). 


The type 2 commands have the same function as for 
the selector channels (Table 6). A subchannel is 
stopped with a stop and mask command which must 
occur at the end of a command block chain. The 
82258 generates the interrupt (INTOUT) or EOD, if 


programmed. The 82258 automatically masks the 
request line on the 8259A by setting its mask bit. 
Thus no further requests can come from this sub- 
channel until it is enabled by the CPU. The 82258 
indicates the interrupted subchannel (vector) in the 
Multiplexor 
Channel 
Interrupt 
Vector 
Register 


(MIVR). The MIVR can be accessed by the CPU 
and, after reading the MIVR, the stop bit of the indi- 
cated subchannel is reset. If no channel 3 interrupt 
(EOD or programmed INTOUT) is enabled, the inter- 
nal interrupt flag is set by the stop and mask com- 
mand. Then the CPU checks the MIVR by polling, 
Le.,with each reference of this register, the CPU can 
read off the stopped subchannel vector that has the 
highest priority in queue until the NV (vector is not 
valid) bit in MIVR is set. 


8 BYTES 
PER 
SUBCHANNEl 


MUlTIPLEXOR TABLE 
IN MEMORY 
SUBCHANNEl 
0 


SUBCH. oIIl 
COMMAND CHAIN 


·0· 
TYPE 1 
COMMAND 


SUBCH. oIIl 
TYPE 1 
MASK 
POINTER 
COMMAND 
·0· 


STOP AND MASK 


SUBCH. #1 
INTR. COMMAND 


·0· 
SUBCH.1 PROGRAM 


SUBCH. #1 
TYPE 1 
MASK 


·0· 
POINTER 


TYPE 2 


SUBCH. If2 
COMMAND 
POINTER 
TYPE 1 


·0· 


SUBCH. If2 
STOP AND MASK 


MASK 
INTR. COMMAND 


POINTER 


·0· 
SUBCH. 2 PROGRAM 


TYPE 1 


TYPE 1 


TYPE 1 


STOP AND MASK 


INTERRUPT 


231263-13 


DATA TRANSFER 
AND 


MANIPULATION 
CONTROL 


SINGLE 
CYCLE 
AND TWO 
CYCLE 
TRANSFERS 


The 82258 provides the flexibility to optimize the 
system design by allowing: 
- 
Highest speed DMA transfers in the single cycle 
transfer mode. In this mode bytes or words (16 
bits) are transferred directly from the source to 
the destination without storing the data in the 
82258 registers (Figure 15). The single cycle 
transfer mode does not, necessarily, mean one 
bus cycle for transfer (though most of the trans- 
fers require either a source or a destination data 
cycle only). Maximum single channel or multiple 
channel transfer rate of 8 MByte/sec. in an 8 
MHz 80286 system (4 MByte/sec 
in 8 MHz 


80186 systems) is achieved in this mode. 


In the single cycle transfer mode, while the re- 
questing device is serviced (and addressed) us- 
ing DACK signal, the pointer to the other location 
(memory or I/O) is issued and its bus cycle exe- 
cuted by the 82258. It is the duty of the I/O de- 
vice to know whether the cycle is a read cycle or 
a write cycle and, to generate its command signal 
out of the bus command signals. 
Single cycle transfers mode is not allowed for the 
multiplexor channel. All single cycle transfer are 
externally synchronised and "On the fly" opera- 
tions are restricted (see Table 5). 


- 
Maximum data manipulation operations in the two 
cycle transfer mode. The two cycle transfer mode 
does not, necessarily, imply two bus cycles, 
though most of the transfers consist of a fetch 
cycle from the source and a store cycle to the 
destination location. In this mode the source data 
is always stored in the 82258 registers before be- 
ing sent out to the destination. Although half as 


oTRANSLATE 
oVERIFY AND HALT 
OPERATIONS 


• 
WEM. 
TO 
•••E •••. 


TRANSFERS 
• DISSIt,ULAR BUS 
WIDTH SUPPORT 


fast as the single cycle mode, a number of "On 
the fly" operations e.g., translation, make this 
mode extremely versatile. The two cycle transfer 
mode also allows automatic assembly and disas- 
sembly of the data, Le., the data can be read as 
one 16 bit word and written as 2 by1esor vice- 
versa. It is useful for linking the 8 bit peripherals 
to a 16 bit system and vice-versa. 
The two cycle transfer mode allows multiplexor 
channel operation and memory to memory trans- 
fers. Two special cases of two cycle data transfer 
are: 


Read 
Operation 
or, data transfer without a 


destination address (the data assembly regis- 
ter of the 82258 itself is the destination of the 
source data). Compare operations on the 
source data are possible (e.g. to test the 
status of a disk controller). 


Write 
Operation 
or, data transfer with no 


source address Le., the source data is a by1e 


or word constant (literal) in the data assembly 
register of the 82258 (loaded during the setup 
routine with a low word out of the source point- 
er field). The write operation can be used to 
erase a memory/peripheral data block (or pe- 
ripheral register) or to load it with a certain 
constant. 


CHANNEL 
COMMANDS 
AND COMMAND 


BLOCKS 


The 82258 controls the data transfer, with all its 
modifications, 
through 
the 
channel 
command 


blocks. These contain the channel command word 
and all the initial parameters for the data transfer 
execution. The channel start command from the 
CPU causes the 82258 to read the channel com- 
mand block, with all its parameters from the memory 
and, to load them into the internal channel registers. 
The channel registers that are loaded via the com- 
mand blocks are: CCR, SPR, DPR, SCR, TTPR, 


Single 
Two 
Byte/Word 
Block 
Operation 
Cycle 
Cycle 
Multiplex" 
Multiplex" 


Bus Cycles Required"" 


Masked Compare (Sy1e/Word) 
2 
2 
2 
2 
Verify 
N/A 
2 
N/A 
2 
Verify and Halt 
N/A 
2 
N/A 
2 
Verify and Save 
2 
F 
F 
F 
Translate 
F 
3 
3 
3 
Transfer w/o Source or Destination 
F 
1 
1 
1 


Operation 
Allowed 


Command Chaining 
Yes 
Yes 
Yes 
Yes 
List Data Chaining 
Yes 
Yes 
No 
No 
Linked List Data Chaining 
Yes 
Yes 
No 
No 
Assembly/Disassembly 
- 
No 
Yes 
Yes 
Yes 
Source Synchronization 
Yes 
Yes 
Yes 
Yes 
Destination Synchronization 
Yes 
Yes 
Yes 
Yes 
Free Running 
No 
Yes 
Yes 
Yes 


: The multiplexor 
channel 
can only run in the two cycle 
transfer 
mode. 


: Actual 
number 
of bus cycles 
may vary depending 
upon 
address 
boundary, 
hardware 
wait state 
number, 
pointer 
modification 
direction 
etc. 
F 
: Fatal error is generated. 
Nt A 
: Not Allowed 
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LPA/MTPA, MASKA and COMPA (see the register 
description for details on these registers). After ex- 
amining the channel command for programming er- 
rors, the data block transfer is executed if no errors 
are detected. After the transfer termination, the rea- 
son for the termination is displayed in a word in the 
channel command block (channel status). Optional- 
ly, the last values of the source and the destination 
pointers and the byte count register may also be 
written out to the command block (constituting a 
status block if enabled). The CPU should not access 
the channel's control space while the channel is ac- 
tive (not stopped). 


There are two basic types of channel commands: 


Type 1 Channel Command-Data 
transfer Op- 
eration (Transfer Channel Command). 
Type 2 Channel Command-Control 
Operation 


(Organizational Channel Command). 


A complete channel program consists of at least 
one channel command block with a type one com- 
mand and one type 2 command (stop). 


Type 1 Channel Commands And Command 
Blocks 


A command block always specifies a data transfer 
operation. The type 1 channel command defines the 
task to be performed by the channel (see the chan- 
nel command register for details). Simple block 
transfer is specified by the short channel command 
block (Figure 16), which also allows data chaining. 
For more complex operations, the standard block is 
expanded by a command and a block extension, 
forming a long channel command block (Figure 16). 
The command block is always pointed at by the 
command pointer. Each channel has its own com- 
mand pointer. Enabling of the status block (a bit in 
the channel command extension) extends the long 
channel command block by a status field of 12 byte 
length. This status field is loaded by the 82258 after 
the termination of the block transfer (Figure 16). 
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Type 2 Channel 
Commands 
and Command 


Blocks 


The type 2 channel commands support the con- 
struction of channel programs by allowing opera- 
tions such as auto-initialization, conditional chaining 
or program controlled interrupts. Figure 17 shows 
the structure of the type 2 channel command blocks. 


The first word of the type 2 command block is the 
command and the second and the third may be an 
address. 


Most of the type 2 commands can be executed con· 
ditionally; only exception being the unconditional 
stop which on the multiplexor channel functions as 
the Stop and Mask command. The 4 termination 
conditions are given in the CSR. If more than one 
condition is specified, the conditions are ORed. A 
special flag in the command word (I flag) allows to 
invert the channel status register bits before they are 
compared with the termination conditions. Table 6 
gives the list of the different type 2 channel com- 
mands. 


The type 2 commands can also activate~ogram 
controlled interrupt (INTOUT) and/or an EOD signal 
during the execution of a command (controlled by 
the ED and the IT flags). In ~pe 
2 command the 


EOD is an asynchronous EOD (compared to the 
type 1 EOD which is synchronous to the last data 
transfer). If the ED or the IT flag is set, the signal 
generation is unconditional, independent of the con· 
dition code. 


Table 6. Type 2 Channel 
Commands 


Command 
Relative Jump' 
Absolute Jump' 
Unconditional Stop 
(Stop and Mask Subchannel 


for multiplexor channel) 
Conditional Stop" 


• 
: Both conditional or unconditional 


•• : The 82258 does not check if a selector channel only 


type 2 command is used on the multiplexor channel, 
but 
its 
execution 
will 
lead to 
erroneous 
channel 


processing. 


Type 2 Command 
Signed 16·bit Displacement - Relative JUMP 


-0- 


Type 2 Command 
24·bit Pointer 
- 0 - 
I 


Type 2 Command 
-0- 
-0- 


- Conditional STOP 
- Unconditional STOP 
- STOP and MASK 


for MUX Channel 


intJ 


Command 
Chaining 


The 82258 allows chaining 
of the command 
blocks 
in the memory, 
for any channel, 
for sequential 
execution. 
Figures 
16 and 17 show channel 
command 
blocks 
and Figure 18 shows the examples 
of command 
chaining. 
The 82258 gets the address 
of the command 
block from its on-chip 
command 
pointer 
(initialized 
by the CPU) 
and starts executing. 
When it comes to the end of one command, 
it automatically 
starts to fetch and execute 
the 
next command 
block 
until a stop 
command 
is found. 
Conditional 
and unconditional 
STOP 
and JUMP 
commands 
allow complex 
sequences 
of DMAs to be performed. 


DMA 
II 1 


JUMP IF ·CON- 
DITION· 
MET 


DMA 
113 


STOP 


·CONDITION· 
= 


MASK COMPARE HIT 


OR 
VERIFY SUCCEED 


OR 
EXTERNAL TERMINATE 


OR 
BYTE COUNT END 


TYPE 2 
/ 
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Data Chaining 


Data chaining 
allows gathering 
and scattering 
of data blocks. The 82258 permits automatic, 
dynamic 
linking of 
the data blocks scattered 
in the memory. 
Each data block in a chain can be up to 64K bytes. Two types of data 
chaining 
are allowed: 


List Chaining: 
The chained 
data block descriptors 
are contiguous 
in a block which forms the data chain list 
(Figure 19). End of the chain is indicated 
by making the byte count field zero in the data chain list. List chaining 
is fast (1 microsecond 
between 
completion 
of one block transfer 
and going to the next element 
in the list, in an 
8 MHz 80286 system) 
but not very flexible. 


I 
CO ••••••AND 
POINTER 
I 


---------------------~------~~~~-----------------_. 


DATA 
BLOCK 
#3 
E=_ 
-:=_ 
-:B=_YTE=_ 
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DATA 
BLOCK 
/12 
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Linked List Chaining: Each list element which describes a particular data block (location and length) also 
holds a pointer to the next list element to be processed (Figure 20). End of the chain is indicated by making the 
byte count field zero in the linked list. 


Linked list chaining is slower than the list chaining but the data blocks can be included, removed or, their 
sequence altered dynamically, through the link pointer manipulation by the CPU. 


I 
COWWAND POINTER 
I 
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The 82258 allows various data manipulation opera- 
tions during the transfer: 


Mask and Compare 


Allows comparison of each byte, word or bit field 
(masking) in source data with some given pattern. 
Data transfer can be terminated on a match or a 
mismatch depending upon the program. This is pos- 
sible both for the single and the two cycle transfer 
modes but, the transfer rate is halved in the single 
cycle mode. 


Verify 


No data transfer is performed, but the complete 
source data block is compared with a given data 
block. The data conversion can be terminated on 
mismatch (Verify and Halt). Supported only for the 
two cycle transfer mode. 


I 
I 
I 
OPTlONAL 
I 
I 
WASK-COWPARE 
I 
I 
I 
I 
I 
._--- 


Verify 
and Save 


The data block is transferred from source to destina- 
tion and in parallel compared with a given data 
block. The data transfer is not stopped on a mis- 
match. This operation is supported only for the sin- 
gle cycle transfer. 


Translate 


The source data (bytes) is translated with the aid of 
a translation table (Figure 21) before being sent to 
the destination. Translation is supported for the two 
cycle transfer mode only. If the destination is 16 bits, 
the two translated source bytes are assembled in 
the OAR before the destination cycle is executed. 


Various 'on the fly' operations can be combined to 
allow the 82258 to perform versatile DMA opera- 
tions. 


TRANSLATE 
TABLE 
(WAX. 
256 
BYTES LONG) 
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The 82258 controls 
concurrent 
processing 
of its dif- 


ferent 
channels 
(and subchannels) 
and, the internal 


and the external 
requests 
through 
a flexible 
priority 


scheme. 


The PRI bits in the GMR are used to select the prior- 
ity scheme 
which can be fixed or variable 
or a com- 


bination 
of the two (see the GMR description 
for the 


details). 
The 
unseparable 
bus cycles 
(e.g., 
24 
bit 


pointers) 
are not affected 
by the priority rotation. 
Ex- 


ternal 
8259As 
determine 
the priQrities for the multi- 
plexed 
subchannels. 


The 
processing 
of the 
internal 
or the 
external 
re- 


quests 
is controlled 
by a fully nested 
priority system 


including 
all four channels. 
Since more than one re- 
quest 
can compete 
for the 
same 
channel, 
the 
re- 


quests are also prioritised 
in relation to their types as 


follows 
(in descending 
order of priority). 


- 
Channel 
Stop (Command 
from the CPU out of the 


GCR) 


- 
External 
~nchronous 
termination 
request 


(through 
EOD) 


- 
Internal 
continue 
request 
on previously 
interrupt- 


ed sequence 


- 
Start or stop subchannel 
or multiplexor 
channel 


- 
Internal 
(without 
synchronization) 
or 
external 


(with synchronization) 
data service 
request 
or 10 


request 
for the multiplexor 
channel 


- 
Channel 
wait (idle) 


Data chaining 
and internal 
termination 
belong to the 


data service 
request 
processing, 
command 
chaining 


belongs 
to the termination 
processing. 


Slave operations, 
where the 82258 
is addressed 
by 


the CPU, have the highest priority of all the activities. 


ADDRESSABILITY 


The 82258 
has two address 
spaces 
like the 80286, 
the 80186/188 
and the 8086/88 
processors: 


Memory 
space 


- 
I/O space 


Both the spaces 
are 16 MByte 
large for the 286/re- 


mote mode and 1 Mbyte for the 186/8086 
mode. All 


types of transfers 
are possible: 


- 
Memory/Memory 


- 
I/O / I/O 


Memory/I/O 


- 
I/O / Memory 


Either of the memory 
or the peripheral 
can lie in ei- 


ther of the two spaces. 
Each space can be indepen- 


dently 
8 bit or 16 bit wide. 
All possible 
Even-Odd 


boundary 
address 
combinations 
are supported 
for 


the data transfer 
from source 
(8 bit or 16 bit) to des- 


tination 
(8 bit or 16 bit) 
in the 
two 
cycle 
transfer 


mode. The source 
and the destination 
pointers 
can 


be incremented, 
decremented 
or not modified 
at all 


(INC/DEC 
bits of type 
1 channel 
command 
in the 


CCR) after 
the corresponding 
data 
bus cycle. 
The 


82258 does not indicate 
or check an 'address 
out of 


range' 
condition. 
Address 
overflow 
and 
underflow 


during 
a block 
transfer 
results 
in an address 
wrap 


around. Maximum 
length of the data ·block can be 16 


MBytes in an 80286 system. 
In the 186/86 
mode the 


maximum 
byte count 
is (1M-1). This is not checked 


by the 82258. 


The 82258 allows 
both the external 
synchronization 


of a DMA transfer 
(from 
a source 
or a destination 


device) or a free running DMA (internally 
synchroniz- 


ed). 


The external 
synchronization 
allows control 
of input! 


output 
operations 
in the cycle 
of the peripheral 
de- 


vice, hence occupying 
the bus only when the periph- 


eral is able to receive 
or transmit 
data. 


Free running 
DMA (no external 
synchronization) 
is 


used for the memory 
to memory 
transfers, 
during a 


continuous 
DMA request 
or, in the block 
multiplex 


subchannel 
after the channel 
start. It is not support- 


ed for the single cycle transfer 
mode. 


inter 


The 82258 needs special consideration to operate in 
an 80286 system in the protected mode. The 82258 
works only with the real addresses but it supports a 
protected mode 80286 system if the following condi- 
tions are fulfilled: 
- 
The 286 kernel software must check all the pro- 
tection rules during the set up routine for the 
82258 and perform the limit checks for the block 
transfers. This is supported by the 80286 instruc- 
tions e.g. VERR (verify Read Access), VERW 
(verify Write Access), LSL (load Segment Limit). 
- 
The 286 kernel has to translate the logical.ad- 
dresses into the physical addresses. 
- 
All 
the 
82258 
registers should 
be 
memory 


mapped and access to them should be allowed 
only for a 286 kernel routine (task isolation). 


Normally an I/O utility routine is provided by the op- 
erating system to service the 82258. No direct user 
access should be allowed to the 82258 from the 
lower privilege levels. The real addresses can be 
generated only by using the 286 protection mecha- 
nism and are so checked against any protection vio- 
lation. 


General Registers 
Channel Registers 
Multiplexor Channel Registers 


All registers can be read or written into by the CPU 
but, most are accessed only for the test purposes. 
The CPU loads some registers (e.g. General Mode 
Register) during the initialization after the reset, and 
others during the invocation of a channel (General 
Command Register). Some of the channel registers 
are programmed or read by the CPU but most of 
them are loaded by the 82258 itself during the setup 
routine after a channel start. All accessible registers 
can be accessed bytewise or wordwise by the CPU. 


Figure 23 gives a layout of the registers. Note that all 
registers lie on even addresses. 


GENERAL. 
REGISTERS 


•• 
° 


GSR I 
STATUS 


GIlR I 
"ODE 


OCR 
COWWAHD 


GaR 
BURST 


GOR 
DEUY 


7 
° 


CHANNEl 
REGtSTERS (" 
SETS; 1 PER OfANNEl) 


2. 
° 


CPR 
COWWAND 
POINTER 


SPR 
SOURCE 
POIN'TER 


OPR 
OEsnNATIONPOINT£R 


TIPR 
TRANSLATE 
TABLE 
POINTER 


LPR 
LIST POINTER 


OCR 
BYTE COUNT 


OCR 
CHANNEl 
COWtu.ND 
, 


WASKR 
MASK 


COWPR 
COWPARE 


OAR 
ASSEWSLY 
/DISASSEWBLY 


•• 


OSR I 
CHANNEl 
STATUS 


7 
° 


WUl npUXOR 
QiANNEl 
REGISTERS 


7 
° 


"IVR 
INTERRUPT 
VECTOR 


LVR 
LAST VECTOR 


SCR 
SUBQlANNEl 


1 
° 
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Address 
Bits 
Address 
Bits 7,6 
Address 
Bits 
5-0 
5-0 


(hexadecimal) 
00 
01 
10 
11 
(binary) 


0 
GCR 
000000 
2 
SCR 
000010 
4 
GSR 
000100 
6 
RESERVED 
RESERVED 
RESERVED 
RESERVED 
000110 
8 
GMR 
I 
001000 
A 
GBR 
, 
001010 
C 
GDR 
001100 
E 
RESERVED 
001110 


10 
CSRO 
CSR1 
CSR2 
CSR3 
010000 
12 
DARO 
DAR1 
DAR2 
DAR3 
010010 
14 
MASKRO 
MASKR1 
MASKR2 
MASKR3 
010100 
16 
COMPRO 
COMPR1 
COMPR2 
COMPR3 
010110 
18 
MIVR 
011000 


j 
1A 
LVR 
011010 
1C 
RESERVED 
RESERVED 
RESERVED 
011100 
1E 
RESERVED 
011110 


20 
CPRLO 
CPRL1 
CPRL2 
CPRL3 
100000 
22 
CPRHO 
CPRH1 
CPRH2 
CPRH3 
100010 
24 
SPRLO 
SPRL1 
SPRL2 
SPRL3 
100100 
26 
SPRHO 
SPRH1 
SPRH2 
SPRH3 
100110 
28 
DPRLO 
DPRL1 
DPRL2 
DPRL3 
101000 
2A 
DPRHO 
DPRH1 
DPRH2 
DPRH3 
101010 
2C 
TTPRLO 
TTPRL1 
TTPRL2 
TTPRL3 
101100 
2E 
TTPRHO 
TTPRH1 
TTPRH2 
TTPRH3 
101110 
30 
LPRLO 
LPRL1 
LPRL2 
LPRL3/MTPRL 
110000 
32 
LPRHO 
LPRH1 
LPRH2 
LPRH3/MTPRH 
110010 
34 
RESERVED 
RESERVED 
RESERVED 
RESERVED 
110100 
36 
RESERVED 
RESERVED 
RESERVED 
RESERVED 
110110 
38 
BCRLO 
BCRL1 
BCRL2 
BCRL3 
111000 
3A 
BCRHO 
BCRH1 
BCRH2 
BCRH3 
111010 
3C 
CCRLO 
CCRL1 
CCRL2 
CCRL3 
111100 
3E 
CCRHO 
CCRH1 
CCRH2 
CCRH3 
111110 


GCR 
SCR 
GSR 
GMR 
GBR 
GDR 
CSR 


OAR 
MASKR 
COMPR 
L 
H 


= General 
Command 
Register 


= Subchannel 
Register 


= General 
Status 
Register 


= General 
Mode Register 


= General 
Burst Register 


= General 
Delay Register 
= Channel 
Status 
Register 


= Data Assembly 
Register 


= Mask Register 
= Compare 
Register 
= Low Word 
= High Byte 


MIVR 
LVR 
CPR 
SPR 
DPR 
TTPR 
LPR 
MTPR 
BCR 
CCR 


= Multiplexor 
Interrupt 
Vector 
Register 
= Last Vector 
Register 


= Command 
Pointer 
Register 
= Source 
Pointer 
Register 
= Destination 
Pointer 
Register 


= Translate 
Table Pointer 
Register 


= List Pointer 
Register 
= Multiplexor 
Table Pointer 
Register 
= Byte Count Register 


= Channel 
Command 
Register 
= Channel 
Number 


General Mode Register (GMR) 


This is the first register to be programmed after the reset since it describes the 82258 environment. Here the 
system wide parameters are specified. The 16 bit register is loaded bytewise with the low byte being pro- 
grammed first. 


I/O 
MDol 
CON 
RM 
(RES) (SYS) 
o 
BUS 
BUS 


L PHYSICAL BUS WIDTH 


0- 
8 BIT 


1-16BIT 


REMOTE MODE ENABLE 
o - 
LOCAL MODE 


1 - 
REMOTE MODE 


MODE Of CHANNEL 3 
o - 
NORMAL CHANNEL 


1 - 
MULTIPLEXOR CHANNEL 


TRANSfER 
TYPE 


0- 
TWO CYCLE 


1 - 
SINGLE CYCLE 


CHANNEL PRIORllY 


00 - 
ALL fiXED, 
CH.O 
HIGHEST 


01 - 
CH.O,l,2 
ROTATING, 
CH.3 fiXED 
(LOWEST) 
10 - 
CH.O,1 ROTATING 
(HIGHER GROUP) 
CH.2,3 
ROTATING 
(LOWER GROUP) 


11 - 
ALL ROTATING 


INTERRUPT MASK 
fOR TYPE 2 
CHANNEL COMMAND 
o - 
INTERRUPT ENABLED 


1 - 
INTERRUPT DISABLED 


COMMON INTERRUPT 
ENABLE 
o - 
EOD2 PIN = EOD2 


1 - 
EOD2 PIN = COMMON 
INTERRUPT 
(INTOUT) 


231263-21 
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General 
Status 
Register 
(GSR) 


This register 
provides 
the status information 
for all the channels. 
It also shows which channels 
have interrupts 
pending 
and, where the channel 
control 
space lies. It is a 16 bit register.· 


l",ru",.."..0 


00 - 
CHANNEL INACTIVE/ 
STOPPEO, NO REQUEST 


01 - 
CHANNEL INACTIVE/ 
STOPPEO, REQUEST 
PENOING 


10 - 
CHANNEL IN 
ORGANISATIONAL 
PROCESSING 


11 - 
OWA IN PROGRESS 


INTERRUPT STATUS 
o - 
NO INTERRUPT 


1 - 
INTERRUPT PENOING 


CONTROL SPACE LOCATION 
o - CONTROL SPACE ON 


RESIOENT BUS (REWOTE WODE) 
OR 10 BUS (LOCAL 
WOOE) 


1 - 
CONTROL SPACE ON 
SYSTEW BUS (REWOTE WODE) 
OR WEWORYBUS (LOCAL WODE) 


STATUS CHANNEL 1 


STATUS CHANNEL 2 


STATUS CHANNEL 3 


inter 


General 
Command 
Register 
(GCR) 


GCR is an 8 bit register directly loaded by the CPU to start or stop a channel. The START command also 
defines the control space assignment. The pending interrupt from any channel is also cleared through the 
GCR. Any combination of channels can be addressed simultaneously. To start/stop a multiplexor subchannel. 
the subchannel number must be first loaded in the Subchannel Register (SCR). The Halt/single step com- 
mand is useful for the system debugging. 


L 
CHANNEL 
CO•••• AND 


000 
- 
NOP 
001 
- 
CONTINUE CHANNEL 
(S) AFTER IT HAS BEEN STOPPED 


BY THE STOP CO•••• AND 
CHANNEL 
(S) 
- 
CO•••• AND BLOCK IN SYSTE••/ •• E••ORY SPACE 


CHANNEL 
(S) 
- 
CO•••• AND BLOCK IN RESIDENT/IO 
SPACE 


CHANNEL (s) 
SUBCHANNEL (II IN SCR) 
SUBCHANNEL 
(I 
IN SCR) 
SINGLE STEP CHANNEL 
(S): 
START EXECUTION AND STOP 


AFTER NEXT CO•••• AND BLOCK HAS BEEN LOADED 


010 
- 
START 
011 
- 
START 
100 
- 
STOP 
101 
- 
START 
110 
- 
STOP 
111 - 
HALT 


INTERRUPT CO•••• AND 


0- 
NOP 
1 - 
CLEAR INTERRUPT (S) or CHANNEL 
(S) 


CHANNEL 
SELECT 


General Burst Register (GBR) 


This 8 bit·register determines the maximum number 
of contiguous bus cycles that can be requested by 
the 82258. GBR = 0 means unlimited contiguous 
bus cycles for the 82258. The GBR must be directly 
loaded by the CPU. 


General Delay Register (GDR) 


GDR is an 8 bit register which determines the mini- 
mum number of clocks between the 82258 burst ac- 
cesses. GDR = 0 means no minimum delay be- 
tween the HOLD request. 


Burst/Delay 
Algorithm 


Both the GBR and the GDR do their actual counting 
through their respective counters the GBC and the 
GDC. For the burst and delay counters, the following 
rules apply: 
- 
Whenever the 82258 controls a bus cycle the 
burst counter is decremented by one but not be- 
yond zero. 
- 
Whenever the 82258, in the local mode, does 
not have the bus, the delay counter is decre- 
mented by one: every second T-state in the 286 
mode or, every fourth T-state in the 186 mode. 
- 
Whenever the delay counter is zero, the burst 
and the delay counters are loaded from the burst 
and the delay registers. 
- 
If the burst counter is zero (and no exception 
occurs), the 82258 releases the bus and the de- 
lay counter counts until it is zero. Then both 
counters are loaded from their corresponding 
registers and the 82258 can again request the 
bus by activating HOLD signal. Unseparable bus 
cycles are the exception to this rule. Counting of 
the burst is not prevented but surrendering of the 
bus is. 


- 
In the remote mode the burst and the delay are 
relevant only for the system bus cycles. The 
GBC is only decremented while the 82258 per- 
forms the system bus cycles and the GDC decre- 
ments when the 82258 does not control the sys- 
tem bus (idling or the resident bus cycles). 


Each of the four 82258 channels has these regis- 
ters. All the channel registers are loaded by the 
82258 from the memory except the Command Point- 


er (CPR) [Multiplexor Table Pointer (MTPR) & Sub- 
channel Register (SCR)for the channel 3 in the mul- 
tiplexor model. The initial contents of the registers 
are specified, by the CPU in the command blocks in 
the memory. 


Command Pointer Register (CPR) 


This 24 bit register contains the physical address of 
the command block. It must be loaded by the CPU 
before starting the channel. For the channel 3 in the 
multiplexor mode, the CPR is loaded by the 82258 
from the multiplexor table (MT) in the memory. 


Source Pointer Register (SPR) 


SPR is 24 bits and contains the physical address of 
the source (memory or I/O, 
system or resident 


space) in a DMA transfer. In the single cycle transfer 
mode, it contains the only address pointer (source or 
destination). 


Destination Pointer Register (DPR) 


DPR contains the physical address of the destina- 
tion (memory or I/O, system or resident space) in a 
DMA transfer. During Verify operations it contains 
the verify pointer (pointer to compare the data 
block). For the single cycle transfer mode, it is only 
used for the verify and save operation. It is a 24 bit 
register. 


Translate Table Pointer Register (TTPR) 


This 24 bit register is used to reference the translate 
table in the memory when the translate function is 
enabled in the channel command register extension 
(CCRX). 


List Pointer Register (LPR) 


LPR is used for data chaining (list and linked list) 
operation. It is a 24 bit register and points to the list 
element. In the multiplexor mode for the channel 3, it 
is used as the Multiplexor Table Pointer Register 
(MTPR). (Multiplexor mode does not support data 
chaining). 


Byte Count Register (BCR) 


BCR is a 24 bit register and contains the byte count 
for the DMA transfer. 


inter 


- 
Long Type 1 command: SYN field. NE. 00 and 
ECX = 1. All 24 bits are valid. 


- 
Type 2 command: SYN field = 00, Upper 8 bits 
(CCRX field) are not valid. 


Channel 
Command 
Register 
(CCR) 


CCR specifies the type of DMA transfer or the type 
of internal operation. The channel commands are 
contained in a channel command block. The 82258 
has two types of channel commands: 
- 
Type 1 for data movement 
- 
Type 2 for command chaining control 


Figure 27 shows CCR for Type 1 command and Fig- 
ure 28 has the CCRX (Channel Command Register 
Extension). Figure 29 shows CCR for type 2 com- 
mand. 
The channel command register has three configura- 
tions: 
- 
Short Type 1 command: SYN field NE. 00 and 
ECX = o. Upper 8 bits, Le., Channel Command 
Register Extension (CCRX field), are not valid. 


LOGICAL BUS WIDllI 


0- 
e BIT 
, - 
18 BIT 


DATA 
CHAINING 


ltC 
LC 
o 
0 
NO CHAINING 
o 
1 
LtST CHAINING 


1 
0 
LINKED LIST CHAINING 
1 
1 
NOT 
ALLOWED 


SELECT 
CHAINING 
o - 
DESTINATtON 
CHAINING 
, 
- 
SOURCE 
CHAINING 
(ALWAYS I FOR SINGLE CYCLE) 


FOR WUX. CHANNEL: 


TRANSF"ER 
CHAINING 
o - TRANSfER 
IS SYNCHRONIZED 


1 - 
TRANSFER 
NOT 
SYNCHRONIZED 


o - 
DISABLE 
EOD 
OUTPUT 
1 - 
ENABLE 
EOD OUTPUT 


o - 
DISABLE 
EXTERNAL 
TERWINATE 
INPUT 


, - 
ENABLE EXTERNAl TERWINATE INPUT 


CHANNEL CO•••• AND BLOCK lENGTH 


0- 
SHORT 
I - 
LONG (WITH COWWANO EXTENSION) 


SYNCHRONIZATtON 


00 - TYPE 2 COWWANO 
01 
- 
SOURCE 
SYNC. 


10 - 
DESTINATION SYNC. 


I I - 
NO SYNC. (FREE RUNNING) 


FOR WULnPLEXOR 
CHANNEL 


00 
- 
TYPE 2 
COW WAND 
01 - 
BYTE!WORO WULnPLEX OPERATION 


10 
- 
SINGLE 
TRANSFER 
OPERATJON 
II 
- 
BLOCK WULnPLEX OPERATION 
231263-24 


Figure 27. Type 
1 Channel 
Command 
CCR 
3-115 


inter 


7 
5. 
2 
0 


EJ:E[E 
'--------"'--------"L: 


WATCH-COWPARE 


00 - 
DISABlED 
01 
- 
ENABlE 
WISlOATCH 
(BYTE/WOOO) 
10 - 
DU.BL£ 
8YJ[ 
WATCH 
11 - 
DtABLE 
WORD 
••.•. TCH 


VER1FT 


00 - 
NO VERIfY 
01 
- 
VERIFY 
10 - 
VERIFY AND HALT (ON 
•• ISNATCH) 
11 - 
VERIFY AND SAVE 
'-------+ 
TRAHSLATt 
EMA8L£ 
o - 
TRANSLATE 
0CSA8l£D 


1 - 
TRANSLATE 
ENABLED 


ENABLE 
STATUS 
BLOCK 


o - 
UPDATE IN CHANNEl 
CO ••••••• ND BLOCK DISABLED 
1 - 
UPDATE 
ENABLED 


543 
° 


1 
0 
°IOPCOOEt[]EO 
IT 
° 
010 
O~I~ 
VER 
lIA 
ET 
BC 
---- 
I L::::-::.'":. 
L-: EXTERNALTERlllNATE 


BYTE/WORO 
llATCH/llISllATCH 


VERIFY llA TCH 


INVERT 


INVERTCHANNEL STATUS 
BITS BEfORE COllPARING 
WITH CONOmON CODE 


GENERATEINTERRUPT 


GENERATEEOO PULSE 


OPCOOE 


00 - 
UNCONDITIONALSTOP 
STOP AND llASK fOR 
llUX CHANNEL 


01 - CONOmONAL STOP 
10 - 
CONOmONALo JUllP 
RELATIVE 


11 - CONOmONAL° JUllP 


ABSOLUTE 
231263-26 
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Mask Register 
(MASKR) 
and Compare 
Register 


(COMPR) 


Both of these registers are 16 bit and are used dur- 
ing the match/mismatch operation. For comparison 
with the transferred data, only those bit positions in 
the Compare Register which are not masked with 
1's in the Mask register are considered. These two 
registers together allow byte, word or bit le~el com- 
parisons. MASKR is also used dunng the venfy oper- 


ations. MASKR and COMPR each should contain 
two identical bytes for Byte Match/Mismatch opera- 
tions. 


Channel 
Status 
Register 
(CSR) 


CSR, an 8 bit register, reflects the status of the 
channel. The least significant half byte is the termi- 
nation condition and the most significant half byte 
indicates fatal error, busy state and halted state. 


fLAGS 
SET ON DMA TERMINATION 


BC 
- 
BYTE COUNT EXCEED 
ET 
- 
EXTERNAL TERMINATE 
MA 
- 
MATCH/MISMATCH 
VER - 
VERIfY 
OPERATION ENDING IN MISMATCH 


SINGLE STEP HALT MODE 


CHANNEL OPERATING 
IN SSH MODE 


HALTED 


CHANNEL IN HALTED STATE 


fATAL 
ERROR 


fATAL 
ERROR HAS OCCURED 


BUS~ 


LAST SUBCHANNEL 
COMMAND TRANSfERRED 
IS PROCESSED 


inter 


Data Assembly Register (OAR) 


This 16 bit register is used for automatic assembly/ 
disassembly 6f data. 


Mutlplexor 
Channel Registers 


These registers are valid only for channel 3, when 
used as a multiplexor channel. 


Multiplexor 
Table Pointer (MTPR) 


This register is used to reference the multiplexor ta· 
ble in the memory when channel 3 is programmed 
as a multiplexor channel. Since data chaining is not 
allowed for the multiplexor channel, the List Pointer 
Register (LPR) is used as the MTPR. MTPR is 24 bit 
and must be loaded by the CPU. 


Multiplexor 
Interrupt Vector Register (MIVR) 


This 8 bit register is used by the CPU to determine 
which channels are stopped. The vectors of the 
stopped subchannels are output in the priority order 
(0 has the highest priority) upon each reference of 
this register, until the NV bit is set. A maximum of 32 
vectors can be distinguished. 


Last Vector Register (LVR) 


LVR gives the last vector read by the 82258 (from 
the 8259A). In case of a fatal error stop of channel 3, 
LVR determines the guilty subchannel. LVR is an 8 
bit register. 


Subchannel Register (SCR) 


This register gives the 8 bit subchannel number for 
the general commands START/STOP Subchannel. 
It must be loaded by the CPU before a subchannel 
command is written into the GCR. MIVR limits the 
number of subchannels supported to 32 (5 bits). 


82258 OPERATION 
AND 


PROGRAMMING 
OVERVIEW 


Upon activation of the RESET signal: 
- 
all channels are disabled (by clearing the DMA 
status bits in the General Status Register) 


- 
all bus activities are stopped 


- 
all tristate signals are tristated and the others en· 
ter the inactive state 
~I 
,L 
SUBCHANNEL 
VECTOR 


VECTOR OF' THE HIGHEST PRIORITY 
SUBCHANNEL 
STOPPED AND NOT m READ 
L----------------l~~ 
NON VALID 
o - 
VECTOR IS VALID 
1 - 
VECTOR IS NOT VALID 
(NO CHANNEL 
STOPPED OR 


ALL VECTORS READ) 


inter 


After the RESET signal becomes inactive, the 82258 
state gets defined: 
- 
it is in the 186 mode if A23 pin was low at the 
falling edge of RESET; otherwise it is in the 286 
mode 
- 
it is in the 8086 max (Request/Grant) mode if the 
186 mode is detected and HLOA pin was high at 
the falling edge of RESET; otherwise it is in the 
186/8086 
Min. (HOLO/HLOA) mode. 


- 
The contents of the 82258 registersare asfollows: 


• GMR: All bits are zero 


• GBR: Zero value 
• GOR: Zero value 
• GSR: 
OMST bits for channels: OX 
(Stopped) 
INT for all channels: 0 (no interrupt 
pending) 
SIR = 0 (1/0 or resident space) 


• All Channel Status Registers (CSR): Zero Values 
• MIVR: NV = 1(Vector not valid) 


- 
Vector is all 1, rest zero 


- 
All stop bits in matrix are reset 


• All other registers (GCR, LVR, SCR, CPRn, SPRn, 


OPRn, TTPRn, LPRn, BCRn, CCRn, COMPRn, 
MASKRn, MTPR) are undefined 


INITIALIZATION 
AND CHANNEL 
INVOCATION 


After RESET, the 82258 has to be initialized by the 
CPU. The General Mode Register (GMR) should be 
loaded first in the 16 bit systems; the lower byte of 
the GMR (which gives main configuration informa- 
tion) in the 8 bit systems. 


SYSBUS (MEMBUS) bit of the GMR determines the 
physical bus width of the CPU-82258 communica- 
tion. All register write and read operations are exe- 
cuted: 
- 
Bytewise on the lower half of the data bus 
(07-00), 
if SYSBUS (MEMBUS) = 0 


- 
wordwise on 015-00 
if SYSBUS (MEMBUS) = 


1. Byte transfers are also possible here with the 
bytes being transferred on that half of the data 
bus which is addressed by the least significant bit 
of the register address. 


Internally the 82258 uses BHE and AOto detect the 
effective transfer width of the 82258-CPU 
commu- 


nications. After the GMR, the General Burst Register 
(GBR) and the 
General 
Delay Register (GDR) 


should be programmed, if needed (Initial state = 0 
for both), by the CPU. 


Before a channel is invoked, the control space in the 
memory and the channel registers in the 82258 have 
to be initialized: 


Following conditions should be met: 
- 
channel program in the control space 


- 
if data chaining enabled, the chaining list or the 
linked lists in the control space 


- 
if translate enabled, the translate table in the con- 
trol space 
- 
load the CPR with the start address of the chan- 
nel program 


Multiplexor 
Channel 
Start 


For the multiplexor channel operation, the following 
is essential: 
- 
the multiplexor table MT in the control space with 
the subchannel command pointer and the mask 
register pointer of the associated 8259A for each 
subchannel 
- 
initialization of the 8259A's mask registers by 
masking off all the request inputs. In the remote 
mode, this can also be done by the data transfer 
operation on the selector channel (or by stop 
subchannel commands) 
- 
load MTPR with the base address of the multiple- 
xor table (MT) 


For the subchannel start 
- 
the subchannel program should be in the control 
space 
- 
if translate enabled, the translate table should be 
in the control space 
- 
the subchannel command pointer should be in 
the multiplexor table 
- 
read the 
multiplexor 
channel 
status 
register 


CSR3. Write a new subchannel number into the 
SCR only if BUSY bit = O. 


In case of a normal channel start, the last CPU oper- 
ation is to write the general command into the GCR. 
Then the start will be processed by the 82258 ac- 
cording to the requested channel's priority, with the 
highest priority being processed first. If the ad- 
dressed channel is already active, the start com- 
mand is ignored. If I = 1 in GCR, the INT bit(s) of the 
indicated channel(s) will be erased in the GSR. 


inter 


Selector 
Channel: 
The command bits in the GCR 


give the commands available to a selector channel. 
Execution of the continue and the start commands is 
prioritized; the stop commands are executed imme: 
diately. The stop command forces the DMA status 
bit (DMST) in the GSR to channel inactive (stopped) 
without any additional routine. The continue com- 
mand works directly with internal stored register 
parameters and continues a previously stopped 
channel operation. The start commands define the 
location of the control space and initiate the set up 
routine. The halt command has multiple functions: 
- 
It forces the channel into the single step and halt 
mode, indicated by the SSH bit in the CSR 


- 
If the channel is running, it will be halted after the 
completion of the current command block execu-' 
tion; the halted data is shown by the H bit of the 
CSR; the DMST bits of the GSR are not changed 


- 
If the channel is halted (or stopped) the halt/sin- 
gle step command starts the channel, and the 
channel will again be halted after the completion 
of the next command block execution (type 1 or 
2) 


The single step and halt mode is finished by a start 
or a continue command. After a channel start, first 
the general status reflected in the GSR is changed 
into 'DMA in organizational processing'. GSR also 
indicates the location of the control space (S/R bit). 
After the prioritization of the start command, the 
channel's set up routine is executed. 


After the set up routine execution, all the transfer 
parameters are accessible in the 82258 internal reg- 
isters. The SYN bits in the CCR decide: 
- 
if the channel activity is continued by an immedi- 
ate start of the data transfer (I.e., free running 
mode or an internal data transfer service request) 


- 
or the channel is waiting for a DMA request I.e., 
external synchronization mode. 


Multiplexor 
Channel: 
On the multiplexor channel, 


there are two cases: 
a. The whole channel has to be treated by a gen- 
eral command 


b. Only the addressed subchannel has to be 


treated by a general command 


a. 
In case of the whole channel, the commands are 
the same as the selector channel commands. 
Execution of the continue and the stop (stops 
whole channel) is the same. The channel 3 start 
command has only two functions: 


- 
specify whether the system/memory or the 
resident/IO control space has to be used on 
the multiplexor channel (S/R bit in GSR) 


- 
change of the general status of the channel 3 
(DMST bits in GSR) into "Channel started but 
idling" thus, enabling the 10REas and the 
Subchannel commands. 


The general channel command 
"Halt/Single 


Step" has a slightly different interpretation for 
the multiplexor channel. While the selector chan- 
nel can only be halted during the chaining of the 
command blocks, the multiplexor channel in the 
single step/halt mode will also be halted when it 
takes the idle state. In that case, a new halt/sin- 
gle step command will only be executed if an 
10REq or a subchannel start/stop command is 
pending. 


b. With the start subchannel command, the 82258 


unmasks the corresponding bit in the 8259A 
mask register for the addressed subchannel, 
thus enabling the subchannel. The BUSY bit in 
the CSR is set indicating the state: "subchannel 
command pending". After prioritization, the sub- 
channel routine is executed. When an I/O re- 
quest is received on the subchannel, the com- 
mand pointer is fetched from the MT and the 
channel's set up routine is executed. After the 
reset of the BUSY bit, a new start/stop subchan- 
nel command can be accepted by the multiple- 
xor channel. 


Only distinction between the stop subchannel 
command and the start subchannel command is 
the handling of the mask bit in the 8259A. For 
the STOP command, the vector specific mask bit 
is set by the 82258. As the start command, the 
stop command has also to be prioritized before 
execution. 
For the multiplexor channel the following rules 
are observed: 
- 
Before any 10REa can be processed, the 
whole channel 3 has to be started and the 
channel 3 must be in the idle state 


- 
In any state a subchannel command can be 
accepted and transferred into the state "sub- 
channel command pending" 


- 
A pending subchannel command can be pro- 
cessed only in the idle state 


- 
In the idle state, a subchannel command has 
a higher priority than an 10REa 
- 
In case of a fatal error stop of a subchannel, 
the whole channel 3 is stopped. LVR identi- 
fies the guilty subchannel. To stop (mask) this 
subchannel, the CPU at first has to issue a 
START CH3 command and then stop the af- 
fected subchannel. 


inter 


The 82258 distinguishes the following conditions for 
termination of a block transfer: 
- 
byte count is zero and the data chaining not en- 
abled; a standard termination condition 


- 
data chaining enabled and the new fetched byte 
count is zero 
- 
external termination via the channel's EOD line if 
enabled by the EXT bit in the CCR 


- 
match/mismatch during the masked byte or word 
compare, as specified and enabled in the com- 
mand extension CCRX 
- 
mismatch during a verify & halt operation, as 
specified and enabled in the command extension 
CCRX 
. 


- 
The CPU loading the GCR with a stop command, 
though the channel is not really terminated. 


INTERRUPT 
CONTROL 


The 82258 has four programmable EOD pins (one 
for each channel) for the CPU interruption and for 
communication with the system environment. As in- 
puts, the EOD pins are used for external termination, 
enabled by the EXT bit of the type 1 channel com- 
mand in the CCR. When used as output, the EOD 
pins provide two basic functions: 


EOD (end of DMA), a channel specific active 
LOW pulse signal of 2 T-states length, always en- 
abled by the software. With a type 1 channel 
command, EODs, if enabled, are synchronous 
and always controlled by th~e 
count. If data 


chaining is enabled, type 1 EODs should not be 
used for interrupts since multiple EODs (with ev- 
ery exceeding byte count) are issued. With a type 
2 command, the EOD, if enabled (ED = 1 in the 
CCR), is an asynchronous signal generated after 
a command execution. 
INTOUT (interrupt output) is a hardware generat- 
ed (error detection) or a software enabled static 
active HIGH signal on the EOD2 pin, if pro- 
grammed (ENCI = 1 in the GMR). The channel 
generating the INTOUT is indicated by the INT bit 
in the GSR. Hardware generated interrupt occurs 
in case of a fatal error (INTOUT issued if not 
masked by the MINT bit in the GMR). Type 2 
channel command allows software generated 
INTOUT if programmed (IT = 1 in the CCR and 
not masked by the MINT bit in the GMR). A chan- 
nel's INT bit in the GSR is activated independent 
of the MINT (in GMR). INTOUT remains active 
until all INT bits in the CSR are reset by the CPU 
with the general command CLEAR INTERRUPT. 


Multiplexor 
Channel Interrupts 


Interrupts from the multiplexor channel belong to a 
certain subchannel. For program controlled inter- 


rupts, the status and the context information cannot 
be fetched from the internal 82258 registers (since 
the multiplexor channel is not stopped). Hence, the 
CPU can only investigate the interrupt via the MIVR 
register. After the MIVR read from the CPU, the valid 
bit and matrix stop bit (the vector of which was indi- 
cated in the MIVR) are erased. For multiple stop 
conditions in the stop matrix, the stopped subchan- 
nels get their vectors in the MIVR in the priority order 
(highest for vector zero). The MIVR is activated inde- 
pendent of the programming of EOD or INTOUT. 
Therefore, the CPU can sample the MIVR in a poll- 
ing mode when neither EOD nor INTOUT is used. 
With the interrupt vector out of the MIVR, the CPU 
finds the related command pointer (in MT) which 
points to the last executed channel command (stop 
and mask). For status information of last block trans- 
fer, the CPU has to find the last type 1 command 
block in the channel program. Programmable inter- 
mediate interrupt messages should not be used on 
the multiplexor subchannels (MIVR is activated only 
for the stopped subchannel). 


For hardware generated INTOUT the whole channel 
3 is stopped with the LVR indicating the last (guilty) 
vector. After the error investigation the CPU should 
start the channel 3 and then stop the affected sub- 
channel. 


On detecting a fatal error, the 82258 does the 
following: 
immediately stops the affected channel 
sets error bit in the channel's status register 
sets channel specific INT bit in the GSR 
sends interrupt if not masked (in GMR) 


For error investigation, the CPU should: 


read GSR (what channel?, channel stopped?) 
read CSR (error?) 
read CPR and investigate the channel command 
(type 1 command) 
read LVR for multiplexor channel, if affected 
(what subchannel?) 


The 82258 recognizes only type 1 command errors. 
Other error types are defaulted into non-fatal errors 
and not identified. The FE bit in the CSR indicates 
the fatal errors. 


Fatal 
Errors: 
Fatal errors are detected during the 


decoding of a type 1 channel command with the 
GMR. Six conditions are used for detection and the 
allowed six combinations of them lead to six differ- 
ent transfer executions (Table 7). All other combina- 
tions of the six conditions generate a fatal error. 


Valid 
Conditions 
Decoded 
Operation 
Combination 
Single 
No Dst. 
NoSrc. 
Verify 
Trans- 
Sync. 
Performed 
Cycle 
Ptr. 
Ptr. 
& Save 
late 
Error 


1 
False 
False 
False 
False 
False 
- 
Two Cycle DMA 


2 
False 
False 
False 
False 
True 
- 
Translate 


3 
False 
False 
True 
False 
False 
False 
No Source 
Ptr. DMA 


4 
False 
True 
False 
False 
False 
False 
No Dest. Ptr. DMA 


5 
True 
False 
False 
False 
False 
False 
Single Cyc. DMA 


6 
True 
False 
False 
True 
False 
False 
Verify & Save 


The 
synchronization 
error 
is predecoded 
and acti- 


vated 
in the following 
cases: 


Single cycle combined 
with free running 


No 
source 
pointer 
mode 
combined 
with 
the 


source 
synchronization 
on a selector 
channel 


No destination 
pointer combined 
with the destina- 


tion synchronization 
on a selector 
channel 


A non 
fatal 
error 
is not 
indicated 
in the 
channel 


status register. 
It is only defaulted. 
Channel 
process- 


ing is not interrupted. 
Following 
are some examples 


of non fatal errors and the undetected 
fatal errors: 


Fault 
Action 


Remote 
mode + 186 
RM not inhibited 
but 


mode 
read/write 
pins are also 


used as outputs 


Both list chaining 
and 
Linked list data chaining 


linked list chaining 
executed 


enabled 


Start/Stop 
subchannel 
New command 


and BUSY active 
overwrites 
old command 


(Fatal Error) 


Data chaining 
enabled 
MTPR is overwritten 
with 


on the multiplexor 
the list pointer 


channel 
(Fatal Error) 


Table 
8 illustrates 
the 
different 
transfer 
rates 
(in 


MBytes/sec) 
for the 286 mode of operation. 
These 


transfer 
rates are not affected 
by switching 
channels 


and are halved for both 186 and 86 modes of opera- 
tion. 


Table 
8. Cummulatlve 
Selector 
Channel 


Transfer 
Rates 
(8 MHz 286 System) 


Transfer 
Single 
Cycle 
Two Cycle 


Word -+ Word 
8 
4 


Word -+ Byte 
not possible 
2.66 


Byte -+ Word 
not possible 
2.66 


Byte -+ Byte 
4 
2 


Byte -+ Byte w/ 
not possible 
800 KBytes 


Translate 


Multiplexor 
Channel 


The 
transfer 
rates 
on the 
multiplexor 
channel 
are 


different 
from the selector 
channel 
and depend 
on 


the mode of operation 
and the size of the command 


block. 
Table 
9. Cummulatlve 
Multiplexor 


Channel 
Transfer 
Rates 


Mode 
Command 
Word 
Byte 


Block 
Transfers 
Transfers 


Byte! 
short 
275 KBytes/sec 
138 KBytes/sec 


Word 


Multiplex 
long 
240 KBytes/sec 
120 KBytes/sec 


Block 
short 
4 MBytes/sec 
2 MBytes/sec 


Multiplex 
long 
4 MBytes/sec 
2 MBytes/sec 


Data Chaining 


The transfer 
rate for data chaining 
depends 
on the 


block length of each chained 
data block, the number 


of blocks 
in the chain and also the type of chaining 


that is being done. See the section 
on data chaining 


latencies. 


inter 


The latency calculations 
do not take into account 
set 


up, hold and output 
delay times which 
are specified 


in the A.C. Characteristics 
section. 
These should be 


added to get the final latency figures. 
All timings 
are 


in units of T-states 
(125 ns in an 8 MHz system). 
If 


bus cycles are involved 
then the following 
abbrevia- 


tions are used: 


T = time for one bus transfer 


W = wait time during bus cycles for a slow device 


In case of various influences 
affecting 
the timing, the 


most typical 
case is mentioned 
in the table and ex- 
plained 
in notes. 


Assumptions: 


1. The 
channel 
for which 
latencies 
are calculated 


currently 
has the highest 
priority 
and will not be 


blocked 
by other still higher priority 
requests. 


2. In remote 
mode delays 
due to CPU accesses 
to 


the 82258 
are not taken 
into account 
for laten- 


cies. 


3. All control 
space 
accesses 
are on a 16 bit bus 


and command 
blocks 
and data chain lists are ad- 


dressed 
on even boundaries. 


4. Organizational 
and 
other 
unsynchronized 
trans- 


fers (e.g. prefetch) 
have been completed 
before 


the processing 
of DREQ starts. 


" 
E1] 


Minimum 
Typical 
Maximum 


DREQtoHOLD 
2.5 
3 
3 + W (1)(2) 


HOLD to HLDA 
1 
4.5 
(3) 


HLDA to CYCLE START 
1.5 
2.5 
2.5 


DREQ to CYCLE START 
2 
2.5 
4 + W(1) 
(without bus arbitration) 


CYCLE START to DACK 
0.5 
0.5 
0.5 


Notes 
are indicated 
in parenthesis 


'All 
timings 
are in units of T-states 
(125 ns in an 8 MHz system). 
If bus 


cycles 
are involved 
then the following 
abbreviations 
are used: 
T = Time for one bus transfer 
W = Wait time during 
bus cycles 
for a slow device 


SYSTElol 


BUS 
REQUEST 


RESIDENT 
BUS 
REQUEST 


Minimum 
Typical 
Maximum 


DREQ to HOLDset 
2.5 
3 
3 + W (1)(2) 


HOLDset 
to HLDAset 
2BC 
2 + 2BC 
(4) 


HOLDAset 
TO CYCLE START 
1.5 
2 
2.5 


DREQ to HOLDreset 
1.5 
3 
5.5 + W (1) 


HOLDreset 
to HLDAreset 
1 
2 
2 


HLDAreset 
to CYCLE START 
1.5 
2 
2.5 


DREQ to CYCLE START 
2 
3.5 
5 + W(1) 


(without bus change) 


CYCLE START to DACK 
0.5 
0.5 
0.5 


Notes: 
(1) Single 
bus cycle 
running: 
1 + W 
unseparable 
bus cycles 
running: 


-word 
access 
at odd addresses 
(and pointer 
transfers): 
3 + 2W 
-IOACK 
cycle 
(only multiplexor 
channel): 
7 + 2W 


(2) General 
Burst Counter 
= 0: 2 x GDR 
HLDA = 1, HOLD = 0: Wait for HLDA = 0 
HLDA 
lost: 2 


(3) 16 + 15W (from the 286 manual, assumed 
repeat and lock prefix not combined) 
(4) Bus arbitration 
+ currently 
running 
bus transfers. 


BC = Multibus 
clock 
cycle . 
• All timings 
are in units of T-states 
(125 ns in an 8 MHz system). 
If bus cycles 
are involved 
then the following 
abbreviations 
are used: 


T = Time for one bus transfer 
W = Wait time during 
bus cycles 
for a slow device 


inter 


General 
Command 
Processing:" 


Minimum 
Typical 
Maximum 


WRITE to Set Up 
6.5 
8 
9.5 


+ HOLD/HOLDA 
sequence 


At this point the start command 
is ready for the start 


of the channel 
set up routine 


Set Up Processing:" 


Standard 
command 
block 
additional 
for long command 
block 


additional 
for list data chaining 


additional 
for linked list data chaining 


Type 
1 Command 
Processing:" 


Chaining 
: same as the set up processing 


Termination: 
store CSR and calculate 
next 


command 
pointer 
store status block (if programmed) 


Type 2 Command 
Processing:" 


Standard: 
CCR load 
CCR decode 
and execution 


additional 
for jump 


:7T + 4 
:5T 
: 1T + 2 
:3T + 2 


: 1T + 6 
:6T 


:1T 
:2T + 2 
:4 


START/STOP 
Subchannel:" 


(see General 
Command 
Processing 
for set up) 


Multiplexor 
Channel:" 


(see General 
Command 
Processing 
for set up) 


IOREQ to IOACK : identical to DREQ to DACK timing 
First IOACK to second 
IOACK 
: 1T + 2 


Second 
IOACK to vector in LVR 
: 1T + 2 


Calculate 
MT address and read 
command 
pointer into CPR 
Data transfer 
Restore pointers 
Restore byte count 


:2T + 4 
:2T + 2 
:4T + 4 
:2T 


Latencies 
in data chaining 
occur when transfers 
are 


changed 
between 
data blocks. 


List Chaining 
Linked List Chaining 


:3T + 6 
:5T + 6 


• All timings are in units of T-states (125 ns in an B MHz 
system). 


If bus cycles are involved then the following abbreviations 
are used: 


T = Time for one bus transfer 
W = Wait time during bus cycles for a slow device 


inter 


-1.0V 
to + 7V 


3.6 Watt 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 


Case Temperature 
Storage Temperature 
Voltage on Any Pin with 
Respect 
to Ground 
Power Dissipation 


O·C to 55·C 
O·C to 85·C 


- 65·C to + 150·C 


Symbol 
Parameter 
Limit Values 
Units 
Test Conditions 


Mln 
Max 


Vil 
Input low 
Voltage 
-0.5 
+0.8 


(except ClK) 
- 
VIH 
Input High Voltage 
2.0 
Vee + 0.5 
V 


(except ClK) 


VOL 
Output low 
Voltage 
- 
0.45 
IOl = 3.00 mA 


VOH 
Output High Voltage 
2.4 
- 
IOH = -400 
p.A 


Ice 
Power Supply Current 
475 
mA 
TA = O·C, 


370 
TA = 55· 
all outputs open 


III 
Input leakage 
Current 
±10 
p.A 
OV:<;;VIN :<;;vce 


ILO 
Output leakage 
Current 


SO, S1, S2, BHE, RD, 
-200 
p.A 


WR, MilO 
- 
0.45V :<;;Your 
= Vce 


HOLD (RQ/GT 
mode), EOD 
-1.5 
mA 


other pins 
± 10 
p.A 


Vel 
Clock Input low 
Voltage 
-0.5 
+0.6 
V 
- 
VeH 
Clock Input High Voltage 
3.8 
Vec+1.O 


CIN 
Capacitance 
of Inputs 
10 


(except ClK) 


Co 
Capacitance 
of 1/0 or 
- 
20 
pF 
fc = 1 MHz 
Outputs 


CClK 
Capacitance 
of ClK 
Input 
12 


inter 


A.C. Characteristics 
vcc= 5V ± 5%; TA= O°C to + 55°C, or TCASE= O°C to + 85°C 


AC timings 
are referenced 
to 0.8V and 2.0V points 
of signals 
as illustrated 
in datasheet 
waveforms, 
unless 
otherwise 
noted. 


Sym 
Parameter 
6MHz 
8MHz 
Unit 
Test Conditions 


Mln 
Max 
Mln 
Max 


1 
ClK 
Cycle Period (286 Mode) 
83 
250 
62 
250 
ns 


2 
ClK 
low 
Time (286 Mode) 
20 
225 
15 
230 
ns 
at 1.0V 


3 
ClK 
High Time (286 Mode) 
25 
230 
20 
235 
ns 
at3.6V 


4 
Output Valid Delay 
1- 
80 
1- 
60 
ns 
Cl = 125 pF 


5 
Output Valid Delay 
1- 
55 
1- 
40 
ns 
Cl = 125 pF 


6 
Data Setup Time 
15 
10 
ns 


6a 
Address 
Input Setup (186 Mode) 
20 
15 
ns 


7 
Data Hold Time 
8 
5 
ns 


I 


8 
READY Setup Time 
50 
38 
ns 


9 
READY Hold Time 
35 
25 
ns 


10 
Input Setup Time 
25 
20 
ns 


10a 
Status Setup Time (186 Mode) 
30 
30 
ns 


11 
Input Hold Time 
25 
20 
ns 


11a 
SHE Hold Time (186 Mode) 
15 
10 
ns 


12 
Address 
Setup Time 
3 
2 
ns 


13 
Data Valid Delay 
0 
60 
0 
50 
ns 


14 
Data Float Delay 
- 
8 
80 
5 
60 
ns 


15 
Chip Select Setup 
30 
20 
ns 


16 
Command 
length 
320 
290 
ns 


17 
Data Setup Time 
185 
165 
ns 


18 
Address 
Setup Time 
30 
20 
ns 


19 
Command 
Inactive 
320 
290 
ns 


19a 
Access Time 
420 
380 
ns 


20 
ClK 
Period (186 Mode) 
166 
500 
125 
500 
ns 


21 
ClK 
low 
Time (186 Mode) 
76 
55 
ns 


22 
ClK 
High Time (186 Mode) 
76 
55 
ns 


23 
ClK 
Rise Time (186 Mode) 
15 
15 
ns 


24 
ClK 
Fall Time (186 Mode) 
15 
15 
ns 


25 
READY Active Setup Time 
20 
20 
ns 


26 
READY Hold Time 
10 
10 
ns 
. 


26a 
SREADY 
Hold Time (186 Mode) 
15 
15 
ns 


27 
READY Inactive Setup Time 
35 
35 
ns 
.' 


28 
Control 
Reset Setup Time 
25 
20 
ns 


29 
Control 
Reset Hold Time 
0 
0 
ns 


30 
Address/Data 
Valid Delay 
10 
55 
10 
50 
ns 


31 
Status Delay 
10 
75 
10 
55 
ns 


32 
Address/Data 
Float Delay 
10 
50 
10 
50 
ns 


33 
DT /R Delay (186 Mode) 
10 
76 
10 
55 
ns 


34 
DEN Delay (186 Mode) 
10 
80 
10 
60 
ns 


Figure 34. AC Setup, Hold and Delay Time Measurement - General 


T1: 
[A bus cycle is proceeding) This state is 
used to allow the bus controller commands 
to become active and, to output data during 
a write cycle. 


T21: 
[A bus cycle is prepared for termination with 
no new cycle ready to begin) If the READY 
signal is active and no new bus cycle is 
ready to begin, this will be the state used. 
Input data will be accepted during this state 
if the READY signal is active and if the bus 
cycle is an input cycle. 


T20: 
[A bus cycle is prepared for termination with 
a new cycle ready to begin) This state ter- 
minates a bus cycle if the READY signal is 
active and if a new bus cycle is ready to 


\" 
- 
1.0V 


231263-31 
\" 
- 
- 
O.BV 


231263-32 


B. Outputs and Other Inputs 


OTHER 
DEVICE 
INPUTS 


The bus cycles are subdivided into T-states which 
are interpreted differently depending on whether the 
82258 is in the 286 mode or the 186 mode. 


286 Mode T-states: Each T-state is two clock cy- 
cles long and starts in the middle of a processor 
cycle and ends in the middle of the succeeding proc- 
essor cycle. 
TI: 
[The bus is idle) This state will occur if the 
82258 cannot start the next bus cycle. 
TO: 
[A new bus cycle is beginning) When the 
address and status of a new bus cycle is to 
be sent as output, this state is used. 


=1T G.= 150pF" 


231263-53 


inter 


[The second bus cycle T-state] This state 
allows the bus controller and the 82258 
commands to become active and outputs 
data if the cycle is a write cycle. 
[The third bus cycle T-state] This state is 
used to synchronize the ready signals. If the 
bus is not ready, then the bus cycle is ex- 
tended by repeating this state, with the 
status lines going inactive during the last 
T3-state. 
[The last bus cycle T-state] During this cy- 
cle, data is input for input cycles and the 
bus controller and the 82258 commands 
are disactivated. If the following state is T1, 
then the status is activated during this state. 


begin. As with the T21state, input data will 
be accepted during this state if the cycle is 
an input cycle and if the READY signal is 
active. This state will also output the ad- 
dress of the new bus cycle, and if READY is 
active, the status also. 


186 Mode T-states: The T-states are one ClK peri- 
od long, beginning and ending with the falling edge 
of the ClK signal. 


TI: 
[The bus is idle] This state occurs if the 
82258 cannot start the following bus cycle. 
T1: 
[The first bus cycle T-state] During this 
state, address information is output to the 
A19/S6-A16/S3 
and AD15-ADO pins. The 


status is activated with the rising edge of 
the ClK previous to this state. 


PROCESSOR 
STATES 


Ts 
I 


___ 
4[ 


EOOn 
• 


NOTE 3 


NOTES: 
1. D15-DO 
floats 
during Single 
Cycle Transfer 
like a Read Cycle. 
2. T2 will be repeated, 
if READY 
is inactive. 
3. Initiated 
by terminal 
count. 
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NOTES: 
4. For a Single 
Cycle Transfer 
the timings 
of AD15-ADO, 
DEN and DT /R" are the same as in a Read Bus Cycle. 


5. Additional 
T3 cycles 
will be inserted 
if bus is not ready (see Figure 40). 


Figure 37. Timing of a Synchronous Access to the 82258 (286 Mode) 
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NOTE: 
6. The trailing 
edge of DREQn, 
as specified 
in this diagram, 
is necessary 
if only one bus cycle 
should 
be executed. 


A later trailing 
edge may cause 
an additional 
bus cycle 
(continuous 
DREQl, 
if no READY-wait-states 
are inserted. 


inter 


--'r 
MClIn 
------------------------~. 
------- 


NOTE: 
The DREQ and DACK signal timings 
are the same for the 8086 mode. 
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NOTE: 
See Figures 
32, 33 and Table 
10, 11 for HLDA to Cycle 
Start Latency. 
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NOTE: 
See Figure 
32 and Table 
10 for HLDA to Cycle Start 
Latency. 
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NOTES: 
1. These 
timings 
are 82C288 
timings. 
2. Additional 
wait states 
may be inserted. 
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NOTES: 
1. These 
timings 
are 8288A 
timings. 


2. Additional 
wait states 
may be inserted. 


The following list represents key differences be- 
tween this and the -003 82258 data sheet. Please 
review this summary carefully. 
1. Figure 35 was updated. The new timing diagram 


now illustrates DACKN#, IOACK#, and EODn# 
timings during active bus cycles in the 80286 and 
remote modes. 
2. Figure 37 was updated. The new timing diagram 


now illustrates the READY# signal during a syn- 
chronous access to the 82258. 


3. Figure 41 was updated. The new timing diagram 


completely separates the DREQ, DACK# timings 
from "without bus arbitration" and "with bus arbi- 
tration". 
4. Two new timing illustrations were added to the 


82258 data sheet. Figure 52 illustrates bus ac- 
cesses to the 8259A in 80286 and remote modes, 
and Figure 53 illustrates bus accesses to the 
8259A in 80186 and 8086 modes. 


5. A note to the DREQ pin description was added to 


advise designers to leave unused DREQn inputs 
left floating. 


82C288 


BUS CONTROLLER FOR 80286 PROCESSORS 
(82C288-12, 82C288-10, 82C288-8) 


• 
Provides 
Commands 
and Controls 
for 


Local and System 
Bus 


• 
Wide Flexibility 
in System 


Configurations 


• 
Implemented 
in High Speed 
CHMOS 
III 


Technology 


• 
Fully Compatible 
with the HMOS 82288 


• 
Fully Static Device 


• 
Single + 5V Supply 


• 
Available 
in 20 Pin PLCC (Plastic 


Leaded 
Chip Carrier) 
and 20 Pin Cerdlp 


Packages 


(See 
Packaging 
Spec, 
Order 
#231369) 


The Intel 82C288 Bus Controller is a 20-pin CHMOS III component for use in 80286 microsystems. The 
82C288 is fully compatible with its predecessor the HMOS 82288. The bus controller is fully static and 
supports a low power mode. The bus controller provides command and control outputs with flexible timing 
options. Separate command outputs are used for memory and I/O devices. The data bus is controlled with 
separate data enable and direction control signals. 


Two modes of operation are possible via a strapping option: MULTIBUS~ I compatible bus cycles, and high 
speed bus cycles. 


ClK 
CONTROL 
INPUTS 
CEN/AEN 


CENl 


CMDlY 
iiEA5Y 


P.C. Board 
Views-As 
viewed from the compo- 


nent side of the P.C. board. 


CENL 


CEN/AEN 


DEN 


DT/R 
M/iO 


Component 
Pad Views-As 
viewed from under- 


side of component when mounted on the board. 
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MCE 
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Symbol 
Type 
Name and Function 


CLK 
I 
SYSTEM 
CLOCK provides 
the basic timing control 
for the 82C288 in an 80286 
microsystem. 
Its frequency 
is twice the internal processor 
clock frequency. 
The falling 
edge of this input signal establishes 
when inputs are sampled 
and command 
and control 
outputs change. 


50,51 
I 
BUS CYCLE STATUS 
starts a bus cycle and, along with MilO, 
defines the ty~ 
of bus 
cycle. These inputs are active LOW. A bus cycle is started when either 51 or SO is 
sampled 
LOW at the falling edge of CLK. Setup and hold times must be met for proper 
operation. 


80286 Bus Cycle Status Definition 


MilO 
S1 
SO 
Type of Bus Cycle 


0 
0 
0 
Interrupt Acknowledge 


0 
0 
1 
I/O Read 


0 
1 
0 
1/0 Write 


0 
1 
1 
None; Idle 


1 
0 
0 
Halt or Shutdown 


1 
0 
1 
Memory Read 


1 
1 
0 
Memory Write 


1 
1 
1 
None; Idle 


MilO 
I 
MEMORY 
OR 1/0 SELECT determines 
whether 
the current bus cycle is in the memory 
space or 1/0 space. When LOW, the current bus cycle is in the 1/0 space. Setup and 
hold times must be met for proper operation. 


MB 
I 
MUL TIBUS MODE SELECT determines 
timing of the command 
and control 
outputs. 
When HIGH, the bus controller 
operates 
with MUL TIBUS I compatible 
timings. When 


I - 
LOW, the bus controller 
optimizes 
the command 
and control 
output timing for short bus 
cycles. The function 
of the CENI AEN input pin is selected 
by this signal. This input is 
typically 
a strapping 
option and not dynamically 
changed. 


CENL 
I 
COMMAND 
ENABLE LATCHED 
is a bus controller 
select signal which enables 
the bus 
controller 
to respond to the current bus cycle being initiated. CENL is an active HIGH 


input latched 
internally 
at the end of each Ts cycle. CENL is used to select the 
appropriate 
bus controller 
for each bus cycle in a system where the CPU has more than 
one bus it can use. This input may be connected 
to Vcc to select this 82C288 for all 
trjinsfers. 
No control 
inputs affect CENL. Setup and hold times must be met for proper 
operation. 


CMDLY 
I 
COMMAND 
DELAY allows delaying 
the start of a command. 
CMDL Y is an active HIGH 
input. If sampled 
HIGH, the command 
output is not activated 
and CMDL Y is again 
sampled 
at the next CLK cycle. When sampled 
LOW the selected 
command 
is enabled. 
If 


READY is detected 
LOW before the command 
output is activated, 
the 82C288 will 
terminate 
the bus cycle, even if no command 
was issued. Setup and hold times must be 
satisfied 
for proper operation. 
This input may be connected 
to GND if no delays are 
required before starting a command. 
This input has no effect on 82C288 control 
outputs. 


READY 
I 
READY indicates 
the end of the current bus cycle. READY is an active LOW input. 


MUL TIBUS I mode requires at least one wait state to allow the command 
outputs to 
become 
active. READY must be LOW during reset, to force the 82C288 into the idle 
state. Setup and hold times must be met for proper operation. 
The 82C284 drives READY 


LOW during RESET. 


intJ 


Symbol 
Type 
Name and Function 


CEN/AEN 
I 
COMMAND 
ENABLE/ADDRESS 
ENABLE controls 
the command 
and DEN 


outputs of the bus controller. 
CEN/ AEN inputs may be asynchronous 
to CLK. 


Setup and hold times are given to assure a guaranteed 
response 
to 


synchronous 
inputs. This input may be connected 
to Vcc or GND. 


When MB is HIGH this pin has the AEN function. 
AEN is an active LOW input 
which indicates 
that the CPU has been granted use of a shared bus and the 


,. 
bus contoller 
command 
outputs may exit 3-state OFF and become 
inactive 


(HIGH). AEN HIGH indicates 
that the CPU does not have control 
of the shared 


bus and forces the command 
outputs into 3-state OFF and DEN inactive 
(LOW). 


When MB is LOW this pin has the CEN function. 
CEN is an unlatched 
active 


HIGH input which allows the bus controller 
to activate 
its command 
and DEN 


outputs. With MB LOW, CEN LOW forces the command 
and DEN outputs 


inactive but does not tristate them. 


ALE 
0 
ADDRESS 
LATCH ENABLE controls 
the address 
latches used to hold an 


address stable during a bus cycle. This control 
output is active HIGH. ALE will 
not be issued for the halt bus cycle and is not affected 
by any of the control 
inputs. 


MCE 
0 
MASTER 
CASCADE 
ENABLE signals that a cascade 
address from a master 


8259A interrupt controller 
may be placed onto the CPU address 
bus for 


latching 
by the address latches under ALE control. 
The CPU's address 
bus 


may then be used to broadcast 
the cascade 
address to slave interrupt 


controllers 
so only one of them will respond 
to the interrupt 
acknowledge 
cycle. 


This control 
output is active HIGH. MCE is only active during interrupt 


acknowledge 
cycles and is not affected 
by any control 
input. Using MCE to 


enable cascade 
address drivers requires 
latches which save the cascade 


address on the falling edge of ALE. 


DEN 
0 
OAT A ENABLE controls 
when data transceivers 
connected 
to the local data 


bus should be enabled. 
DEN is an active HIGH control 
output. DEN is delayed 


for write cycles in the MUL TIBUS I mode. 


DT/R 
0 
DATA TRANSMIT/RECEIVE 
establishes 
the direction 
of data flow to or from 
the local data bus. When HIGH, this control 
output indicates 
that a write bus 


cycle is being perf~med. 
A LOW indicates 
a read bus cycle. DEN is always 
inactive wh~n DT/R changes 
states. This output is HIGH when no bus cycle is 


active. DT /R is not affected 
by any of the control 
inputs. 


10WC 
0 
I/O WRITE COMMAND 
instructs 
an I/O device to read the data on the data 


bus. This command 
output is active LOW. The MB and CMDL Y inputs control 


when this output becomes 
active. READY controls 
when it becomes 
inactive. 


10RC 
0 
1/0 READ COMMAND 
instructs 
an I/O device to place data onto the data bus. 


This command 
output is active LOW. The MB and CMDL Y inputs control 
when 
this output becomes 
active. READY controls 
when it becomes 
inactive. 


MWTC 
0 
MEMORY 
WRITE COMMAND 
instructs 
a memory device to read the data on 
the data bus. This command 
output is active LOW. The MB and CMDL Y inputs 
control 
when this output becomes 
active. READY controls 
when it becomes 
inactive. 


MRDC 
0 
MEMORY 
READ COMMAND 
instructs 
the memory device to place data onto 
the data bus. This command 
output is active LOW. The MB and CMDL Y inputs 
control when this output becomes 
active. READY controls 
when it becomes 
inactive. 


inter 


Symbol 
Type 


- 


Name and Function 


INTA 
0 
INTERRUPT 
ACKNOWLEDGE 
tells an interrupting 
device that its interrupt 
request is being acknowledged. 
This command 
output is active LOW. The MB 
and CMDL Y inputs control when this output becomes 
active. READY controls 
when it becomes 
inactive. 


Vcc 
System 
Power: + 5V Power Supply 


GND 
System 
Ground: OV 
\ 


Type 
of 
MilO 
S1 
SO 
Command 
DT/R 
ALE, DEN 
MCE 
Bus Cycle 
Activated 
State 
Issued? 
Issued? 


Interrupt 
Acknowledge 
0 
0 
0 
INTA 
LOW 
YES 
YES 


1/0 Read 
0 
0 
1 
10RC 
LOW 
YES 
NO 


1/0 Write 
I 
0 
1 
0 
10WC 
HIGH 
YES 
NO 


None; Idle 
0 
1 
1 
None 
HIGH 
NO 
NO 


Halt/Shutdown 
1 
0 
0 
None 
HIGH 
NO 
NO 


Memory 
Read 
1 
0 
1 
MRDC 
LOW 
YES 
NO 


Memory Write 
1 
1 
0 
MWTC 
HIGH 
YES 
NO 


None; Idle 
1 
1 
1 
None 
HIGH 
NO 
NO 


Operating 
Modes 


Two types 
of buses are supported 
by the 82C288: 
MUL TIBUS 
I and 
non-MUL TIBUS 
I. When 
the 
MB 


input is strapped 
HIGH, MUL TIBUS 
I timing is used. 
In MUL TIBUS I mode, the 82C288 
delays command 


and data activation 
to meet IEEE-796 
requirements 


on address 
to command 
active 
and 
write 
data 
to 


command 
active 
setup 
timing. 
MUL TIBUS 
I mode 


requires at least one wait state in the bus cycle since 
the 
command 
outputs 
are 
delayed. 
The 
non- 


MUL TIBUS 
I mode does not delay any outputs 
and 


does 
not require 
wait states. 
The MB input affects 


the timing of the command 
and DEN outputs. 


Command 
and Control Outputs 


The type 
of bus cycle 
performed 
by the 
local 
bus 


master 
is encoded 
in the MilO, 
S1, and SO inputs. 


Different 
command 
and control 
outputs 
are activat- 


ed depending 
on the type of bus cycle. Table 2 indi- 


cates the cycle decode 
done by the 82C288 and the 


effect on command, 
DT /A", ALE, DEN, and MCE out- 
puts. 


Bus cycles 
come 
in three 
forms: 
read, 
write, 
and 


halt. 
Read 
bus 
cycles 
include 
memory 
read, 
1/0 


read, and interrupt 
acknowledge. 
The timing 
of the 


associated 
read 
command 
outputs 
(MRDC, 
10RC, 


and 
INTA), control 
outputs 
(ALE, DEN, DT IR) and 


control 
inputs (CENI AEN, CENL, CMDL Y, MB, and 


READY) 
are identical 
for all read bus cycles. 
Read 


cycles 
differ only in which 
command 
output 
is acti- 


vated. The MCE control 
output 
is only asserted 
dur- 


ing interrupt 
acknowledge 
cycles. 


Write bus cycles 
activate 
different 
control 
and com- 


mand outputs with different 
timing than read bus cy- 


cles. Memory 
write 
and 1/0 write are write 
bus cy- 


cles whose timing for command 
outputs 
(MWTC and 


10WC) , control 
outputs 
(ALE, DEN, DTIR) and con- 


trol 
inputs 
(CENI AEN, 
CENL, 
CMDL Y, 
MB, 
and 


READY) are identical. 
They differ only in which com- 


mand output 
is activated. 


Halt bus cycles 
are different 
because 
no command 


or control 
output 
is activated. 
All control 
inputs 
are 


!.9!:'0red until the next bus cycle is started via S1 and 
SO. 


Static Operation 


All 82C288 circuitry 
is of static design. Internal 
regis- 


ters 
and logic are static 
and require 
no refresh 
as 


with dynamic 
circuit design. This eliminates 
the mini- 


mum operating 
frequency 
restriction 
placed 
on the 


HMOS 82288. 
The CHMOS 
III 82C288 
can operate 


from 
DC to the 
appropriate 
upper 
frequency 
limit. 


. 
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LOW) and held there indefinitely. 


Power dissipation is directly related to operating fre- 
quency. As the system frequency is reduced, so is 
the operating power. When the clock is stopped to 
the 82C288, power dissipation is at a minimum. This 
is useful for low-power and portable applications. 


The 82C288 bus controller is used in 80286 systems 
to provide address latch control, data transceiver 
control, and standard level-type command outputs. 
The command outputs are timed and have sufficient 
drive capabilities for large TTL buses and meet all 
IEEE-796 requirements for MULTIBUS I. A special 
MULTIBUS I mode is provided to satisfy all addressl 
data setup and hold time requirements. Command 
timing may be tailored to special needs via a CMDLY 
input to determine the start of a command and 
READY to determine the end of a command. 


Connection to multiple buses are supported with a 
latched enable input (CENL). An address decoder 
can determine which, if any, bus controller should be 
enabled for the bus cycle. This input is latched to 
allow an address decoder to take full advantage of 
the pipelined timing on the 80286 local bus. 


VeH 


eLK 
Vel 


tluses snared by several bus controllers are sup- 
ported. An AEN input prevents the bus controller 
from driving the shared bus command and data 
signals 
except 
when 
enabled 
by 
an 
external 


MULTIBUS I type bus arbiter. 


Separate DEN and DTIR outputs control the data 
transceivers for all buses. Bus contention is eliminat- 
ed by disabling DEN before changing DTIR. The 
DEN timing allows sufficient time for tristate bus driv- 
ers to enter 3-state OFF before enabling other driv- 
ers onto the same bus. 


The term CPU refers to any 80286 processor or 
80286 support component which may become an 
80286 local bus master and thereby drive the 
82C288 status inputs. 


Processor 
Cycle Definition 


Any CPU which drives the local bus uses an internal 
clock which is one half the frequency of the system 
clock (CLK) (see Figure 3). Knowledge of the phase 
of the local bus master internal clock is required for 
proper operation of the 80286 local bus. The local 
bus master informs the bus controller of its internal 
clock phase when it asserts the status signals. 
Status signals are always asserted beginning in 
Phase 1 of the local bus master's internal clock. 


The 82C288 bus controller has three bus states (see 
Figure 4): Idle (TI) Status (Ts) and Command (TC). 
Each bus state is two ClK cycles long. Bus state 
phases correspond to the internal CPU processor 
clock phases. 


The TI bus state occurs when no bus cycle is cur- 
rently active on the 80286 local bus. This state may 
be repeated indefinitely. When control of the local 
bus is being passed between masters, the bus re- 
mains in the TI state. 


v••• 
ClK 
Va. 
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FROM 
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Bus Cycle Definition 


The S1 and SOinputs signal the start of a bus cycle. 
When either input becomes lOW, a bus cycle is 
started. The Ts bus state is defined to be the two 
ClK cycles during which either S1 or SOare active 
(see Figure 5). These inputs are sampled by the 
82C288 at every falling edge of ClK. When either 
S1 or SO are sampled lOW, the next ClK cycle is 
considered the second phase of the internal CPU 
clock cycle. 


The local bus enters the Tc bus state after the TS 
state. The shortest bus cycle may have one TS state 
and one Testate. longer bus cycles are formed by 
repeating Testate. A repeated Tc bus state is called 
a wait state. 


The READY input determines whether the current 
Tc bus state is to be repeated. The READY input 
has the same timing and effect for all bus cycles. 
READY is sampled at the end of each TC bus state 
to see if it is active. If sampled HIGH, the TC bus 
state is repeated. This is called inserting a wait state. 
The control and command outputs do not change 
during wait states. 


When READY is sampled lOW, the current bus cy- 
cle is terminated. Note that the bus controller may 
enter the Ts bus state directly from Tc if the status 
lines are sampled active at the next falling edge of 
ClK. 


inter 


Figures 6 through 
10 show the basic command 
and 


control 
output 
timing 
for read and write bus cycles. 
Halt bus cycles are not shown since they activate 
no 


outputs. 
The 
basic 
idle-read-idle 
and 
idle-write-idle 


bus cycles 
are shown. 
The signal 
label CMD repre- 
sents 
the appropriate 
command 
output 
for the bus 


cycle. For Figures 6 through 
10, the CMDL Y input is 


connected 
to GND and CENL to Vee. The effects 
of 


CENL and CMDL Yare 
described 
later in the section 


on control 
inputs. 


~AEADBUSCYCI.E-I 
I 
T, 
I 
Tc 
I 


Figures 
6, 7 and 8 show 
non-MUL TIBUS 
I cycles. 
MB is connected 
to GND while CEN is connected 
to 


Vee. Figure 6 shows a read cycle with no wait states 
while 
Figure 
7 shows 
a write 
cycle 
with 
one 
wait 


state. 
The READY 
input is shown 
to illustrate 
how 


wait states are added. 


WRITE BUS CYClE 
===i 
1--"'" STATE 
Tc 
I 
Tc 


inter 


Bus cycles can occur back to back with no TI bus 
states between Tc and Ts. Back to back cycles do 
not affect the timing of the command and control 
outputs. 
Command and control 
outputs 
always 


reach the states shown for the same clock edge 
(within Ts. Tc or following bus state) of a bus cycle. 


1ST WRITE CYCLE-I- 2ND WRITE CYCLE 


Tc 
I 
Ts 
I 
Tc 


A special case in control timing occurs for back to 
back write cycles with MB = O. In this case, DTIR 
and DEN remain HIGH between the bus cycles (see 
Figure 8). The command and ALE output timing 
does not change. 


Figures 9 and 10 show a MULTIBUS I cycle with MB 
= 1. AEN and CMDLYare connected to GND. The 
effects of CMDLY and AEN are described later in 
the section on control inputs. Figure 9 shows a read 
cycle with one wait state and Figure 10 shows a 
write cycle with two wait states. The second wait 
state of the write cycle is shown o~ 
example 


purposes and is not required. The READY input is 
shown to illustrate how wait states are added. 


inter 


The MB control input affects the timing of the com- 
mand and DEN outputs. These outputs are automat- 
ically delayed in MUl TIBUS I mode to satisfy three 
requirements: 
1) 50 ns minimum setup time for valid address be- 


fore any command output becomes active. 


2) 50 ns minimum setup time for valid write data 


before any write command output becomes ac- 
tive. 
3) 65 ns maximum time from when any read com- 
mand becomes inactive until the slave's read 
data drivers reach 3-state OFF. 


Three signal transitions are delayed by MB = 1 as 
compared to MB = 0: 
1) The HIGH to lOW transition of the read com- 


mand outputs (IORC, MRDC, and INTA) are de- 
layed one ClK cycle. 
2) The HIGH to lOW transition of the write com- 


mand outputs (IOWC and MWTC) are delayed 
two ClK cycles. 
3) The lOW to HIGH transition of DEN for write cy- 


cles is delayed one ClK cycle. 


Back to back bus cycles with MB = 1 do not change 
the timing of any of the command or control outputs. 
DEN always becomes inactive between bus cycles 
with MB = 1. 


Except for a halt or shutdown bus cycle, ALE will be 
issued during the second half of TS for any bus cy- 
cle. ALE becomes inactive at the end of the TS to 
allow latching the address to keep it stable during 
the entire bus cycle. The address outputs may 
change during Phase 2 of any TC bus state. ALE is 
not affected by any control input. 


Figure 11 shows how MCE is timed during interrupt 
acknowledlge (INTA) bus cycles. MCE is one ClK 
cycle longer than ALE to hold the cascade address 
from a master 8259A valid after the falling edge of 
ALE. With the exception of the MCE control output, 
an INTA bus cycle is identical in timing to a read bus 
cycle. MCE is not affected by any control input. 
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The control intputs can alter the basic timing of com- 
mand outputs, allow interfacing to multiple buses, 
and share a bus between different masters. For 
many 80286 systems, each CPUwill have more than 
one bus which may be used to perform a bus cycle. 
Normally, a CPU will only have one bus controller 
active for each bus cycle. Some buses may be 
shared by more than one CPU (Le. MULTIBUS) re- 
quiring only one of them use the bus at a time. 


Systems with multiple and shared buses use two 
control input signals of the 82C288 bus controller, 
CENL and AEN (see Figure 12). CENL enables the 
bus controller to control the current bus cycle. The 
AEN input prevents a bus controller from driving its 
command outputs. AEN HIGH means that another 
bus controller may be driving the shared bus. 


In Figure 12, two buses are shown: a local bus and a 
MULTIBUS I. Only one bus is used for each CPU 
bus cycle. The CENL inputs of the bus controller 
select which bus controller is to perform the bus cy- 
cle. An address decoder determines which bus to 
use for each bus cycle. The 82C288 connected to 
the shared MULTIBUS I must be selected by CENL 
and be given access to the MULT1BUS I by AEN 
before it will begin a MULTIBUS I operation. 


CENL must be sampled HIGH at the end of the Ts 
bus state (see waveforms) to enable the bus control- 
ler to activate its command and control outputs. If 
sampled LOW the commands and DEN will not go 
active and DT/R" will remain HIGH. The bus control- 
ler will ignore the CMDLY, CEN, and READY inputs 
until another bus cycle is started via S1 and SO. 
Since an address decoder is commonly used to 
identify which bus is required for each bus cycle, 
CENL is latched to avoid the need for latching its 
input. 


The CENL input can affect the DEN control output. 
When MB = 0, DEN normally becomes active dur- 
ing Phase 2 of TS in write bus cycles. This transition 
occurs before CENL is sampled. If CENL is sampled 
LOW, the DEN output will be forced LOW during Tc 
as shown in the timing waveforms. 


When MB = 1, CEN/ AEN becomes AEN. AEN con- 
trols when the bus controller command outputs en- 
ter and exit 3-state OFF. AEN is intended to be driv- 
en by a MULTIBUS I type bus arbiter, which assures 
only one bus controller is driving the shared bus at 
any time. When AEN makes a LOW to HIGH tran- 
sition, the 
command outputs immediately enter 


3-state OFF and DEN is.forced inactive. An inactive 
DEN should force the local data transceivers con- 
nected to the shared data bus into 3-state OFF (see 
Figure 12). The LOW to HIGH transition of AEN 
should only occur during TI or Ts bus states. 


The HIGH to LOW transition of AEN signals that the 
bus controller may now drive the shared bus com- 
mand signals. Since a bus cycle may be active or be 
in the process of starting, AEN can become active 
during any T-state. AEN LOW immediately allows 
DEN to go to the appropriate state. Three CLK edg- 
es later, the command outputs will go active (see 
timing waveforms). The MULTIBUS I requires this 
delay for the address and data to be valid on the bus 
before the command becomes active. 


When MB = 0, CEN/ AEN becomes CEN. CEN is an 
asynchronous input which immediately affects the 
command and DEN outputs. When CEN makes a 
HIGH to LOW transition, the commands and DEN 
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are immediately 
forced inactive. When CEN makes a 


LOW to HIGH transition, 
the commands 
and 
DEN 


outputs 
immediately 
go to the appropriate 
state (see 


timing waveforms). 
READY 
must still become 
active 


to terminate 
a bus cycle if CEN remains 
LOW for a 


selected 
bus controller 
(CENL was latched 
HIGH). 


Some memory 
or I/O systems 
may require more ad- 


dress 
or write 
data setup 
time to command 
active 


than provided 
by the basic command 
output 
timing. 


To provide 
flexible 
command 
timing, the CMDL Y in- 


put can delay 
the activation 
of command 
outputs. 


The CMDL Y input must be sampled 
LOW to activate 


the command 
outputs. 
CMDL Y does 
not affect 
the 


control 
outputs 
ALE, MCE, DEN, and DT lA". 
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CMDLY is first sampled on the falling edge of the 
CLK ending Ts. If sampled HIGH, the command out- 
put is not activated, and CMDLY is again sampled 
on the next falling edge of CLK. Once sampled 
LOW, the proper command output becomes active 
immediately if MB = O. If MB = 1, the proper com- 
mand goes active no earlier than shown in Figures 9 
and 10. 


READY can terminate a bus cycle before CMDLY 
allows a command to be issued. In this case no 
commands are issued an the bus controller will de- 
activate DEN and DTfA in the same manner as if a 
command had been issued. 


The waveforms show the timing relationships of in- 
puts and outputs and do not show all possible tran- 


sitions of all signals in all modes. Instead, all signal 
timing relationships are shown via the general cas- 
es. Special cases are shown when needed. The 
waveforms provide some functional descriptions of 
the 82C288; however, most functional descriptions 
are provided in Figures 5 through 11. 


To find the timing specification for a signal transition 
in a particular mode, first look for a special case in 
the waveforms. If no special case applies, then use 
a timing specification for the same or related func- 
tion in another mode. 


Ambient 
Temperature 
Under Bias 
O·C to + 70·C 


Storage Temperature 
- 65·C to + 150·C 


Voltage 
on Any Pin with 
Respect 
to GND 


Power Dissipation 


-0.5Vto 
+7V 


1 Watt 


•Notice: Stresses above those listed under ''Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE- Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VIL 
Input lOW 
Voltage 
-0.5 
0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
VCC + 0.5 
V 


VILC 
ClK 
Input lOW 
Voltage 
-0.5 
0.6 
V 


VIHC 
ClK 
Input HIGH Voltage 
3.8 
Vcc 
+ 0.5 
V 


VOL 
Output lOW 
Voltage 


Command 
Outputs 
0.45 
V 
IOL = 32 mA (Note 1) 
Control Outputs 
0.45 
V 
IOL = 16 mA (Note 2) 


VOH 
Output HIGH Voltage 


Command 
Outputs 
2.4 
V 
IOH = -5 
mA (Note 1) 


VCC - 
0.5 
V 
IOH = -1 
mA (Note 1) 
Control Outputs 
2.4 
V 
IOH = - 1 mA (Note 2) 


VCC - 
0.5 
V 
IOH = - 0.2 mA (Note 2) 


IlL 
Input leakage 
Current 
±10 
p.A 
OV S; VIN S; VCC 


ILO 
Output leakage 
Current 
±10 
p.A 
0.45V 
S; VOUT s; VCC 


Icc 
Power Supply Current 
75 
mA 


IcCs 
Power Supply Current (Static) 
1 
mA 
(Note 3) 


CCLK 
ClK 
Input Capacitance 
12 
pF 
Fc = 1 MHz 


CI 
Input Capacitance 
10 
pF 
Fc = 1 MHz 


Co 
Input/Output 
Capacitance 
20 
pF 
Fc = 1 MHz 


NOTES: 
1. Command Outputs are INTA, IORC, IOWC, MRDC and MWRC. 
2. Control Outputs are DTIR, DEN, ALE and MCE. 
3. Tested while outputs are unloaded, and inputs at Vcc or Vss. 
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Vcc = 5V, ± 5%, TCASE = O·C to + 85·C.· 
AC timings 
are referenced 
to 0.8V and 2.0V points of signals as 
illustrated 
in data sheet waveforms, 
unless otherwise 
noted. 


8MHz 
10 MHz 
12.5 MHz 
(Advance) 
(Advance) 
(Advance) 
Unit 
Test 
Symbol 
Parameter 
Condition 
-8 
·8 
·10 
·10 
-12 
·12 
Mln 
Max 
Mln 
Mln 
Mln 
Max 


1 
ClK 
Period 
62 
250 
50 
250 
40 
250 
ns 


2 
ClK 
HIGH Time 
20 
16 
13 
ns 
at3.6V 


3 
ClK 
lOW 
Time 
15 
12 
11 
ns 
at 1.0V 


4 
ClK 
Rise Time 
10 
8 
8 
ns 
1.0Vto 
3.6V 


5 
ClKFallTime 
10 
8 
8 
ns 
3.6Vto 
1.0V 


6 
MilO 
and Status 
22 
18 
15 
ns 
Setup Time 


7 
MilO 
and Status 
1 
1 
1 
ns 
Hold Time 


8 
CENl 
Setup Time 
20 
15 
15 
ns 


9 
CENl 
Hold Time 
1 
1 
1 
ns 


10 
READY Setup Time 
38 
26 
18 
ns 


11 
READY Hold Time 
25 
25 
20 
ns 


12 
CMDl Y Setup Time 
20 
15 
15 
ns 


13 
CMDl Y Hold Time 
1 
1 
1 
ns 


14 
AEN Setup Time 
20 
15 
15 
ns 
(Note 3) 


15 
AEN Hold Time 
0 
0 
0 
ns 
(Note 3) 


16 
ALE, MCE Active 
3 
20 
3 
16 
3 
16 
ns 
(Note 4) 
Delay from ClK 


17 
ALE, MCE Inactive 
25 
19 
19 
ns 
(Note 4) 
Delay from ClK 


18 
DEN (Write) 
35 
23 
23 
ns 
(Note 4) 
Inactive from CENl 


19 
DT IR lOW 
from ClK 
25 
23 
23 
ns 
(Note 4) 


20 
DEN (Read) ActiveR 
5 
35 
5 
21 
5 
21 
ns 
(Note 4) 
from DTI 


21 
DEN (Read) Inactive 
3 
35 
3 
21 
3 
19 
ns 
(Note 4) 
Diy from ClK 


22 
DT IR HIGH from 
5 
35 
5 
20 
5 
18 
ns 
(Note 4) 
DEN Inactive 


23 
DEN (Write) Active 
30 
23 
23 
ns 
(Note 4) 
Delay from ClK 


24 
DEN (Write) Inactive 
3 
30 
3 
19 
3 
19 
ns 
(Note 4) 
Diy from ClK 
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VCC = 5V, ±5%, 
TCASE = O°C to +85°C.· 
AC timings 
are referenced 
to 0.8V and 2.0V points of signals as 
illustrated 
in data sheet waveforms, 
unless otherwise 
noted. 
(Continued) 


8MHz 
10 MHz 
12.5 MHz 


(Advance) 
(Advance) 
(Advance) 
Unit 
Test 
Symbol 
Parameter 
Condition 
-8 
·8 
·10 
-10 
-12 
·12 


Min 
Max 
Mln 
Mln 
Min 
Max 


25 
DEN Inactive from 
30 
25 
25 
ns 
(Note 4) 


CEN 


26 
DEN Active from 
30 
24 
24 
ns 
(Note 4) 


CEN 


27 
DT /R" HIGH from ClK 
35 
25 
25 
ns 
(Note 4) 


(when CEN = lOW) 


28 
DEN Active from AEN 
30 
26 
26 
ns 
(Note 4) 


29 
CMD Active Delay 
3 
25 
3 
21 
3 
21 
ns 
(Note 5) 
from ClK 


30 
CMD Inactive 
Delay 
5 
20 
5 
20 
5 
20 
ns 
(Note 5) 
from ClK 


31 
CMD Active from 
25 
25 
25 
ns 
(Note 5) 
CEN 


32 
CMD Inactive from CEN 
25 
25 
25 
ns 
(Note 5) 


33 
CMD Inactive 
Enable from AEN 
40 
40 
40 
ns 
(Note 5) 


34 
CMD Float Delay from AEN 
40 
40 
40 
ns 
(Note 6) 


35 
MB Setup Time 
20 
20 
20 
ns 


36 
MB Hold Time 
0 
0 
0 
ns 


37 
Command 
Inactive 
Enable 
40 
40 
40 
ns 
(Note 5) 
from MB J, 


38 
Command 
Float Time from MB t 
40 
40 
40 
ns 
(Note 6) 


39 
DEN Inactive from MB t 
30 
26 
26 
ns 
(Note 4) 


40 
DEN Active from MB J, 
30 
30 
30 
ns 
(Note 4) 


NOTES: 
3. AEN 
is an asynchronous 
input. 
This 
specification 
is for testing 
purposes 
only, 
to assure 
recognition 
at a specific 
ClK 
edge. 
4. Control 
output 
load: CI = 150 pF. 
5. Command 
output 
load: CI = 300 pF. 


6. Float condition 
occurs 
when 
output 
current 
is less than 
ILO in magnitude. 
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OTHER 
DEVICE 
INPUT 
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WAVEFORMS 
(Continued) 


STATUS, 
ALE, 
MCE, CHARACTERISTICS 
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WAVEFORMS 
(Continued) 


WRITE CYCLE CHARACTERISTIC WITH MB = 0 AND CEN = 1 


NOTE: 
1. AEN is an asynchronous 
input. AEN setup and hold time is specified 
to guarantee 
the response 
shown 
in the waveforms. 


_______________ 
\. ~j..r;:_®_1 
_ 


READY 
~ 


NOTES: 
1. MB is an asynchronous 
input. MB setup 
and hold times 
specified 
to guarantee 
the response 
shown 
in the waveforms. 


2. If the setup time, t35, is met two clock 
cycles 
will occur 
before 
CMD becomes 
active 
after the falling 
edge of MB. 


inter 


82C284 


CLOCK GENERATOR AND READY INTERFACE 


FOR 80286 PROCESSORS 


(82C284-12, 82C284-10, 82C284-8) 


• 
Generates System Clock for 80286 
Processors 


• 
Uses Crystal or TTL Signal for 
Frequency Source 


• 
Provides Local READY and 
MULTIBUS@IREADY Synchronization 


• 
Single +5V Power Supply 


• 
CHMOS III Technology 


• 
Generates System Reset Output from 
Schmitt Trigger Input 


• 
Available In 18·Lead Cerdlp and 20·Pin 
PLCC (Plastic Leaded Chip Carrier) 
Packages 


(See Packaging 
Spec, 
Order 
# 231369) 


The 82C284 is a clock generator/driver which provides clock signals for 80286 processors and support 
components. It also contains logic to supply READY to the CPU from either asynchronous or synchronous 
sources and synchronous RESET from an asynchronous input with hysteresis. 
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Symbol 
Type 
Name and Function 


ClK 
a 
SYSTEM CLOCK is the signal used by the processor 
and support 


devices which must be synchronous 
with the processor. 
The frequency 


of the ClK 
output has twice the desired internal processor 
clock 


frequency. 
ClK 
can drive both TTl 
and MaS 
level inputs. 


F/C 
I 
FREQUENCY ICRYSTAL 
SELECT is a strapping 
option to select the 


source for the ClK 
output. When F/C ~ strapped 
lOW, 
the internal 


crystal oscillator 
drives ClK. 
When F/C is strapped 
HIGH, the EFI 


input drives the ClK 
output. 


X1, X2 


il 
CRYSTAL 
IN are the pins to which a parallel resonant 
fundl!..mental 


mode crystal is attached 
for the internal oscillator. 
When F/C is lOW, 


the internal oscillator 
will drive the ClK 
output at the crystal frequency. 


The crystal frequency 
must be twice the desired internal 
processor 


. 
clock frequency . 


EFI 
I ~ 
EXTERNAL 
FREQUENCY 
IN drives ClK 
when the F/C input is 


strapped 
HIGH. The EFI input frequency 
must be twice the desired 


internal 
processor 
clock frequency. 


PClK 
a 
PERIPHERAL 
CLOCK is an output which provides 
a 50% duty cycle 


~~ 
clock with 112 the frequency 
of ClK. 
PClK 
will be in phase with the 


internal processor 
clock following 
the first bus cycle after the 


processor 
has been reset. 


ARDYEN 
I 
ASYNCHRONOUS 
READY ENABLE is an active lOW 
input which 


qualifies the ARDY input. ARDYEN 
selects ARDY as the source of 


ready for the current bus cycle. Inputs to ARDYEN 
may be applied 


asynchronously 
to ClK. 
Setup and hold times are given to assure a 


guaranteed 
response 
to synchronous 
inputs. 


ARDY 
I 
ASYNCHRONOUS 
READY is an active lOW 
input used to terminate 


the current bus cycle. The ARDY input is qualified 
by ARDYEN. 
Inputs 


to ARDY may be applied asynchronously 
to ClK. 
Setup and hold times 


are given to assure a guaranteed 
response 
to synchronous 
outputs. 


SRDYEN 
I 
SYNCHRONOUS 
READY ENABLE is an active lOW 
input which 


qualifies SRDY. SRDYEN 
selects SRDY as the source for READY to 


the CPU for the current bus cycle. Setup and hold times must be 
satisfied for proper operation. 


SRDY 
I 
SYNCHRONOUS 
READY is an active lOW 
input used to terminate 


the current bus cycle. The SRDY input is qualified 
by the SRDYEN 


input. Setup and hold times must be satisfied for proper operation. 


READY 
a 
READY is an active lOW 
output which signals the current busEcle 
is 


to be completed. 
The SRDY, SRDYEN, 
ARDY, ARDYEN, 
S1, SO and 


RES inputs control 
READY as explained 
later in the READY generator 


section. 
READY is an open drain output requiring an external 
pull-up 


resistor. 
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Symbol 
Type 
Name and Function 


SO,S1 
I 
STATUS input prepare the 82C284 for a subsequent bus cycle. SOand 
S1 synchronize PClK to the internal processor clock and control 
READY.These inputs have internal pull-up resistors to keep them 
HIGH if nothing is driving them. Setup and hold times must be satisfied 
for proper operation. 


RESET 
a 
RESET is an active HIGH output which is derived from the RES input. 
RESET is used to force the system into an initial state. When RESET is 
active, READY will be active (lOW). 


RES 
I 
RESET IN is an active lOW input which generates the system reset 
signal, RESET. Signals to RES may b~lied 
asynchronously to ClK. 


A Schmitt trigger input is provided on RES, so that an RC circuit can be 
used to provide a time delay. Setup and hold times are given to assure 
a guaranteed response to synchronous inputs. 


Vcc 
SYSTEM 
POWER: + 5V Power Supply 


GND 
SYSTEM GROUND: 
OV 


The 82C284 generates the clock, ready, and reset 
signals required for 80286 processors and support 
components. The 82C284 is packaged in an 18-pin 
DIP and contains a crystal controlled oscillator, 
clock generator, peripheral clock generator, Multi· 
bus ready synchronization logic and system reset 
generation logic. 


The ClK output provides the basic timing control for 
an 80286 system. ClK 
has output characteristics 


sufficient to drive MaS devices. ClK is generated by 
either an internal crystal oscillator or an external 
source as selected by the FIG 
strapping option. 
When FIG is lOW, the crystal oscillator drives the 
ClK output. When FIG is HIGH, the EFI input drives 
the ClK output. 


The 82C284 provides a second clock output, PClK, 
for peripheral devices. PClK is ClK divided by two. 
PClK has a duty cycle of 50% and MaS output 
drive characteristics. PClK is normally synchronized 
to the internal processor clock. 


After reset, the PClK signal may be out of phase 
with the internal processor clock. The S1 and SO 
signals of the first bus cycle are used to synchronize 


PClK to the internal processor clock. The phase of 
the PClK output changes by extending its HIGH 
time beyond one system clock (see waveforms). 
PClK is forced HIGH whenever either SOor S1 were 
active (lOW) for the two previous ClK cycles. PClK 
continues to oscillate when both SO and S1 are 
HIGH. 


Since the phase of the internal processor clock will 
not change except during reset, the phase of PClK 
will not change except during the first bus cycle after 
reset. 


The oscillator circuit of the 82C284 is a linear Pierce 
oscillator which requires an external parallel reso- 
nant, fundamental mode, crystal. The output of the 
oscillator is internally buffered. The crystal frequency 
chosen should be twice the required internal proces- 
sor clock frequency. The crystal should have a typi- 
cal load capacitance of 32 pF. 


X1 and X2 are the oscillator crystal connections. For 
stable operation of the oscillator, two loading capac- 
itors are recommended, as shown in Table 2. The 
sum of the board capacitance and loading capaci- 
tance should equal the values shown. It is advisable 
to limit stray board capacitances (not including the 
effect of the loading capacitors or crystal capaci- 
tance) to less than 10 pF between the X1 and X2 
pins. Decouple Vcc 
and GND as close to the 


82C284 as possible. 
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Figure 3. Recommended 
Crystal 


and READY Connections 


Due to the ClK output having a very fast rise and fall 
time, it is recommended to properly terminate the 
ClK line at frequencies above 10 MHz to avoid sig- 
nal reflections and ringing. Termination is accom- 
plished by inserting a small resistor (typically 10.0.- 
74.0.)in series with the output, as shown in Figure 4. 
This is known as series termination. The resistor val- 
ue plus the circuit output impedance should be 
made equal to the impedance of the transmission 
line. 


Reset Operation 


The reset logic provides the RESET output to force 
the system into a known, initial state. When the RES 
input is active (lOW), the RESET output becomes 
active (HIGH). RES is synchronized internally at the 
falling edge of ClK before generating the RESET 
output (see waveforms). Synchronization of the RES 
input introduces a one or two ClK delay before af- 
fecting the RESET output. 


At power up, a system does not have a stable Vcc 
and ClK. To prevent spurious activity, RES should 
be asserted until Vcc and ClK stabilize at their oper- 
ating values. 80286 processors and support compo- 
nents also require their RESET inputs be HIGH a 
minimum of 16 ClK 
cycles. An RC network, as 


shown in Figure 5, will keep RES lOW long enough 
to satisfy both needs. 


A Schmitt trigger input with hysteresis on RES as- 
sures a single transition of RESET with an RC circuit 
on RES. The hysteresis separates the input voltage 
level at which the circuit output switches between 
HIGH to lOW from the input voltage level at which 
the circuit output switches between lOW to HIGH. 
The RES HIGH to lOW input transition voltage is 
lower than the RES lOW to HIGH input transition 
voltage. As long as the slope of the RES input volt- 
age remains in the same direction (increasing or de- 
creasing) around the RES input transition voltage, 
the RESET output will make a single transition. 


Ready Operation 


The 82C284 accepts two ready sources for the sys- 
tem ready signal which terminates the current bus 
cycle. Eithe~nchronous 
(SRDY) or asynchro- 


nous ready (ARDY) source may be used. Each ready 
input has an enable (SRDYEN and ARDYEN) for se- 
lecting the type of ready source required to termi- 
nate the current bus cycle. An address decoder 
would normally select one of the enable inputs. 


READY 
is enabled 
(lOW), 
if either 
SRDY + 


SRDYEN = 0 or ARDY + ARDYEN = 0 when 
sampled by the 82C284 READY generation logic. 
READY will remain active for at least two ClK cy- 
cles. 


The READY output has an open-drain driver allow- 
ing other ready circuits to be wire or'ed with it, as 
shown in Figure 3. The READY signal of an 80286 
system reguires an external pull-up resistor. To force 
the READY signal inactive (HIGH) at the start of a 
bus cycle, the READY output floats when either S1 
or SOare sampled lOW at the falling edge of ClK. 
Two system clock periods are allowed for the pull-up 
resistor to pull the READY signal to VIH. When RE- 
SET is active, READY is forced active one ClK later 
(see waveforms). 


Figure 6 illustrates the operation of SRDY and 
SRDYEN. These i~ts 
ar~sampled 
on the falling 


edge of ClK when S1 and SOare inactive and PClK 


inter 


is HIGH. REAi5Y is forced active when both SRDY 
and SRDYEN are sampled as lOW. 


Figure 
7 
shows 
the 
operation 
of 
ARDY 
and 


ARDYEN. These inputs are sampled by an internal 
synchronizer at each falling edge of ClK. The output 
of the synchronizer is then sampled when PClK is 
HIGH. If the synchronizer resolved both the ARDY 


Table 2. 82C284 Crystal Loading Capacitance Values 


and ARDYEN as active, the SRDYand SRDYEN in- 
puts are ignored. Either ARDY or ARDYEN must be 
HIGH at the end of Ts (see Figure 7). 


READY remains active until either S1 or SOare sam- 
pled lOW, or the ready inputs are sampled as inac- 
tive. 


Crystal Frequency 
C1 Capacitance 
C2 Capacitance 


(Pin 7) 
(Pin 8) 


1 to 8 MHz 
60pF 
40pF 
8t020 
MHz 
25 pF 
15 pF 
Above 20 MHz 
15 pF 
15 pF 


NOTE: 
Capacitance 
values 
must include 
stray board 
capacitance. 


v•• 
MOYEN 


AHOY 


+ 


AROYEN 


Figure 7. Asynchronous 
Ready Operation 


3-167 


Temperature 
Under Bias 
O°C to + 70°C 


Storage Temperature 
- 65°C to + 150°C 


All Output and Supply Voltages 
-0.5V 
to + 7V 


All Input Voltages 
-1.0Vto 
+5.5V 


Power Dissipation 
1 Watt 


, """U""Q". 
Vel 
Uo;t"CJo:t 
aLlVVf;f 
U IU:it:::l l/::itt:Ju un08r 
~oso- 


lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


NOTICE Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


VIL 
Input lOW 
Voltage 
0.8 
V 


VIH 
Input HIGH Voltage 
2.0 
V 


VIHR 
RES and EFllnput 
HIGH Voltage 
2.6 
V 


VHYS 
RES Input Hysteresis 
0.25 
V 


VOL 
RESET, PClK 
Output lOW 
Voltage 
0.45 
V 
IOL = 5mA 


VOH 
RESET, PClK 
Output 
2.4 
V 
IOH = -1 
mA 
HIGH Voltage 
Vcc-0.5 
V 
IOH = -0.2mA 


VOLR 
READY, Output lOW 
Voltage 
0.45 
V 
IOL = 9mA 


VOLC 
ClK 
Output lOW 
Voltage 
0.45 
V 
IOL = 5mA 


VOHC 
ClK 
Output HIGH Voltage 
4.0 
V 
IOH = - 
800 p.A 


IlL 
Input Sustaining 
Current 
30 
500 
p.A 
VIN = OV 
on SO and S1 Pins 


III 
Input leakage 
Current 
±10 
p.A 
o ~ VIN ~ Vcd1) 


Icc 
Power Supply Current 
75 
mA 
at 25 MHz Output 
ClK 
Frequency 


C, 
Input Capacitance 
10 
pF 
Fc = 1 MHz 


NOTE: 
1. Status 
lines 80 and 81 excluded 
because 
they have internal 
pull-up 
resistors. 


-nter 


Timings 
are referenced 
to 0.8V and 2.0V points of signals 
as illustrated 
in the datasheet 
waveforms, 
unless 


otherwise 
noted. 


8.0 MHz 
10.0 MHz 
12.5 MHz 


Symbol 
Parameter 
Preliminary 
Preliminary 
Preliminary 
Units 
Test 


Mln 
Max 
Mln 
Max 
Mln 
Max 
Conditions 


1 
EFI to ClK 
Delay 
25 
25 
25 
ns 
At 1.5V (1) 


2 
EFI lOW 
Time 
28 
22.5 
13 
ns 
At 1.5V (1, 7) 


3 
EFI HIGH Time 
28 
22.5 
22 
ns 
At 1.5V (1, 7) 


4 
ClK 
Period 
62 
500 
50 
500 
40 
500 
ns 


5 
ClKlOWTime 
15 
12 
11 
ns 
At 1.0V (1, 2, 7, 8, 9, 10) 


6 
ClK 
HIGH Time 
25 
16 
13 
ns 
At 3.6V (1, 2, 7, 8, 9, 10) 


7 
ClK 
Rise Time 
10 
8 
8 
ns 
1.0V to 3.6V (1, 2,10,11) 


8 
ClKFaliTime 
10 
8 
8 
ns 
3.6V to 1.0V (1, 9,10,11) 


9 
Status Setup Time 
22 
- 
- 
ns 
(Note 1) 


9a 
Status Setup Time for 
- 
20 
22 
ns 
(Note 1) 


Status Going Active 


9b 
Status Setup Time for 
- 
20 
18 
ns 
(Note 1) 
Status Going Inactive 


10 
Status Hold Time 
1 
1 
3 
ns 
(Note 1) 


11 
SRDY or SRDYEN 
17 
15 
15 
ns 
(Note 1) 
Setup Time 


12 
SRDY or SRDYEN 
0 
2 
2 
ns 
(Notes 1, 11) 
Hold Time 


13 
ARDY or ARDYEN 
0 
0 
0 
ns 
(Notes 1, 3) 
Setup Time 


14 
ARDY or ARDYEN 
30 
30 
25 
ns 
(Notes 1, 3) 
Hold Time 


15 
RES Setup Time 
20 
20 
18 
ns 
(Notes 1, 3) 


16 
RES Hold Time 
10 
10 
8 
ns 
(Notes 1, 3) 


17 
READY Inactive 
Delay 
5 
5 
5 
ns 
AtO.8V 
(4) 


18 
READY Active Delay 
0 
24 
0 
24 
0 
18 
ns 
AtO.8V 
(4) 


19 
PClK 
Delay 
0 
45 
0 
35 
0 
23 
ns 
(Note 5) 


20 
RESET Delay 
5 
34 
5 
27 
3 
22 
ns 
(Note 5) 


21 
PClK 
lOW 
Time 
t4-20 
t4-20 
T4-20 
ns 
(Notes 5, 6) 


22 
PClK 
HIGH Time 
t4-20 
t4-20 
T4-20 
ns 
(Notes 5, 6) 


NOTES: 
1. ClK loading: CL = 100 pF. The 82C284's X1 and X2 inputs are designed primarily for parallel-resonant crystals. Serial- 
resonant crystals may also be used, however, they may oscillate up to 0.01% faster than their nominal frequencies when 
used with the 82C284. For either type of crystal, capacitive loading should be as specified by Table 2. 
2. With the internal crystal oscillator using recommended crystal and capacitive loading; or with the EFI input meeting speci- 
fications t2 and t3. The recommended crystal loading for ClK frequencies of 8 MHz-20 MHz are 25 pF from pin Xl to 
ground, and 15 pF from pin X2 to ground; for ClK frequencies above 20 MHz 15 pF from pin Xl to ground, and 15 pF from 
pin X2 to ground. These recommended values are ± 5 pF and include all stray capacitance. Decouple Vcc and GND as 
close to the 82C284 as possible. 
3. This is an asynchronous input. This specification is given for testing purposes only, to assure recognition at specific ClK 
edge. 


NOTES: 
4. Pull-up 
Resistor 
values 
for READY 
Pin: 


CPU Frequency 
8MHz 
10MHz 
12.5 MHz 


Resistor 
9100. 
7000. 
6000. 


Cl 
150 pF 
150 pF 
150 pF 


IOL 
7mA 
7mA 
9mA 


5. PClK 
and RESET 
loading: 
CL = 75 pF. 


6. t4 refers 
to any allowable 
ClK 
period. 
7. When 
driving 
the 82C284 
with EFI, provide 
minimum 
EFt HIGH and lOW 
times 
as follows: 


ClK 
Output 
Frequency 
16 MHz 
20 MHz 
25 MHz 


Min. Required 
EFI HIGH Time 
28ns 
22.5 ns 
22 ns 


Min. Required 
EFI lOW 
Time 
28 ns 
22.5 ns 
13 ns 


8. When 
using 
a crystal 
(with 
recommended 
capacitive 
loading 
per Table 
2) appropriate 
for the speed 
of the 80286, 
ClK 
output 
HIGH and lOW 
times 
guaranteed 
to meet the 80286 
requirements. 


Reset 
Drive EFI Drive and 


Measurement 
Points 


elK Output 
Measurement 
Points 
. 


~ 


.ov 


1.5V 
1.5V 


O.45V 
210453-7 
3.61 


I.OV 
\; 
I.OV 


210453-8 
I;L 
.45 


82C2N 


CLK 
OUTPUT 


OTHER 
DEVICE 
OUTPUT 


inter 


~ao---l 
~I 


NOTE: 
The EFI input lOW and HIGH times 
as shown 
are required 
to guarantee 
the elK lOW and HIGH times 
shown. 


RE5ET 
and READY Timing as a Function 
of RE5 with 51, 50, ARDY + ARDYEN, 
and 5RDY + 
5RDYEN 
High 


NOTE: 
1. This is an asynchronous 
input. The setup 
and hold times 
shown 
are required 
to guarantee 
the response 
shown. 


NOTES: 
1. This is an asynchronous 
input. The setup 
and hold times 
shown 
are required 
to guarantee 
the response 
shown. 


2. If SRDY + SRDYEN 
or ARDY + ARDYEN 
are active 
before 
and/or 
during 
the first bus cycle 
after 
RESET, 
READY 
may not be deasserted 
until after the falling 
edge of </>2 of TS. 


ClK 
OUTPUT FREQUENCY, MHz 
2310453-16 


1.0. 
1.03 
1.02 
1.01 
1 
0.99 
0.98 
0.97 
0.96 
0.95 
0.9. 
0.93 
0.92 
0.91 
0.9 
0.89 
o 


CASE TEMPERATURE, °C 
2310453-17 


DATA SHEET 


REVISION 
REVIEW 


This 82C284 data sheet, version -007, contains up- 
dates and improvements to the version -006. A revi- 
sion summary is listed here for your convenience. 
1. A PLCC package diagram was added to show 


the 82C284 pinout for this package. 
2. Table 2 was updated to reflect correct capacitor 


valu~s on the crystal pins X1 and X2 for frequen- 
cies above 20 MHz. 


3. The 12.5 MHz timing t2 was improved from 14 ns 


to 13 ns. 


4. The 12.5 MHz timing t9b was improved from 20 


ns to 18 ns. 


5. Note 2 for the AC. 
timing parameters was 


changed to reflect the correct capacitance val- 
ues on pins X1 and X2 for frequencies above 20 
MHz. 


6. Note 7 for the AC. 
timing parameters was 


changed to reflect the change in timing parame- 
ter t2. 


7. A new D.C. current specifications, IlL,was added 


to reflect the input sustaining current on the SO# 
and S1# pins caused by the internal pull-up re- 
sistors on these pins. 


8. In the D.C. and AC. Specifications, TA is now 


guaranteed to be valid from O·C to +70·C as 
long as TCASE is not exceeded. 


9. All 6 MHz timing parameters were deleted. Intel 


no longer manufactures 6 MHz 82C284s. 


10. Output HIGH voltage, VOH, 
is now additionally 


specified at CMOS levels. 


O\J~OO lVJ..l\:rupru\';;~~~ul: 
Family 


irllE!f 
80386 


HIGH PERFORMANCE 32~BITCHMOS MICROPROCESSOR 
WITH INTEGRATED MEMORY MANAGEMENT 


• 
Flexible 32-Blt Microprocessor 
- 
8, 16, 32-Blt Data Types 


- 
8 General Purpose 32-Blt Registers 


• 
Very Large Address Space 
- 
4 Gigabyte Physical 


- 
64 Terabyte Virtual 


- 
4 Gigabyte Maximum Segment Size 


• 
Integrated 
Memory Management Unit 


- 
Virtual Memory Support 


- 
Optional On-Chip Paging 


- 
4 Levels of Protection 


- 
Fully Compatible with 80286 


• 
Object Code Compatible with All 8086 
Family Microprocessors 


• 
Virtual 8086 Mode Allows Running of 
8086 Software In a Protected and 
Paged System 


• 
Hardware Debugging Support 


• 
Optimized for System Performance 
- 
Pipellned Instruction 
Execution 


- 
On-Chip Address Translation 
Caches 


-16 
and 20 MHz Clock 
- 
32 and 40 Megabytes/See 
Bus 


Bandwidth 


• 
High Speed Numerics Support via 
80387 Coprocessor 


• 
Complete System Development 
Support 
- 
Software: C, PL/M, Assembler 
System Generation Tools 


- 
Debuggers: PSCOPE, ICETM-386 


• 
High Speed CHMOS III Technology 


• 
132 Pin Grid Array Package 


(See Packaging 
Specification, 
Order 
# 231369) 


The 80386 
is an advanced 
32-bit 
microprocessor 
designed 
for applications 
needing 
very high performance 


and optimized 
for multitasking 
operating 
systems. The.32-bit 
registers 
and data paths support 32·bit addresses 


and data types. The processor 
addresses 
up to four gigabytes 
of physical 
memory and 64 terabytes 
(2··46) 
of 


virtual memory. 
The integrated 
memory 
management 
and protection 
architecture 
includes 
address 
translation 


registers, 
advanced 
multitasking 
hardware 
and 
a protection 
mechanism 
to support 
operating 
systems. 
In 


addition, 
the 80386 
allows the simultaneous 
running 
of multiple 
operating 
systems. 
Instruction 
pipelining, 
on- 


chip address 
translation, 
and high bus bandwidth 
ensure 
short average 
instruction 
execution 
times and high 


system 
throughput. 


The 80386 
offers 
new testability 
and debugging 
features. 
Testability 
features 
include 
a self-test 
and direct 


access 
to the page translation 
cache. Four new breakpoint 
registers 
provide 
breakpoint 
traps on code execu- 
tion or data accesses, 
for powerful 
debugging 
of even ROM-based 
systems. 


Object-code 
compatibility 
with all 8086 family members 
(8086, 8088, 80186, 80188, 80286) 
means the 80386 
offers 
immediate 
access 
to the world's 
largest 
microprocessor 
software 
base. 


w/tO"O/CI. 
W/R,. LOCK,. 
AOS',NA,. 
BS1I',REAOr, 


Figure 1-1.80386 Plpellned 32-81t Mlcroarchltecture 


UNIXTM is a Trademark 
of AT&T 
Bell Labs. 
MS-DOS 
is a Trademark 
of MICROSOFT 
Corporation. 


inter 


The 80386 consists of a central processing unit, a 
memory management unit and a bus interface. 


The central processing unit consists of the execu- 
tion unit and instruction unit. The execution unit con- 
tains the eight 32-bit general purpose registers 
which are used for both address calculation, data 
operations and a 64-bit barrel shifter used to speed 
shift, rotate, multiply, and divide operations. The 
multiply and divide logic uses a 1-bit per cycle algo- 
rithm. The multiply algorithm stops the iteration 
when the most significant bits of the multiplier are all 
zero. This allows typical 32-bit multiplies to be exe- 
cuted in under one microsecond. The instruction unit 
decodes the instruction opcodes and stores them in 
the decoded instruction queue for immediate use by 
the execution unit. 


The memory management unit (MMU) consists of a 
segmentation unit and a paging unit. Segmentation 
allows the managing of the logical address space by 
providing an extra addressing component, one that 
allows easy code and data relocatability, and effi- 
cient sharing. The paging mechanism operates be- 
neath and is transparent to the segmentation pro- 
cess, to allow management of the physical address 
space. Each segment is divided into one or more 4K 
byte pages. To implement a virtual memory system, 
the 80386 supports full restartability for all page and 
segment faults. 


Memory is organized into one or more variable 
length segments, each up to four gigabytes in size. A 
given region of the linear address space, a segment, 
can have attributes associated with it. These attri- 
butes include its location, size, type (Le. stack, code 
or data), and protection characteristics. Each task 
on an 80386 can have a maximum of 16,381 seg- 
ments of up to four gigabytes each, thus providing 
64 terabytes (trillion bytes) of virtual memory to each 
task. 


The segmentation unit provides four-levels of pro- 
tection for isolating and protecting applications and 
the operating system from each other. The hardware 
enforced protection allows the design of systems 
with a high degree of integrity. 


The 80386 has two modes of operation: Real Ad- 
dress Mode (Real Mode), and Protected Virtual Ad- 
dress Mode (Protected Mode). In Real Mode the 
80386 operates as a very fast 8086, but with 32-bit 
extensions if desired. Real Mode is required primari- 


Iy to setup the processor for Protected Mode opera- 
tion. Protected Mode provides access to the sophis- 
ticated memory management, paging and privilege 
capabilities of the processor. 


Within Protected Mode, software can perform a task 
switch to enter into tasks designated as Virtual 8086 
Mode tasks. Each such task behaves with 8086 se- 
mantics, thus allowing 8086 software (an application 
program, or an entire operating system) to execute. 
The Virtual 8086 tasks can be isolated and protect- 
ed from one another and the host 80386 operating 
system, by the use of paging, and the I/O Permis- 
sion Bitmap. 


Finally, to facilitate high performance system hard- 
ware designs, the 80386 bus interface offers ad- 
dress pipelining, dynamic data bus sizing, and direct 
Byte Enable signals for each byte of the data bus. 
These hardware features are described fully begin- 
ning in Section 5. 


The 80386 has 32 register resources in the following 
categories: 


• General Purpose Registers 
• Segment Registers 
• Instruction Pointer and Flags 
• Control Registers 
• System Address Registers 
• Debug Registers 
• Test Registers. 


The registers are a superset of the 8086, 80186 and 
80286 registers, so all 16-bit 8086, 80186 and 
80286 registers are contained within the 32-bit 
80386. 


Figure 2-1 shows all of 80386 base architecture reg- 
isters, which include the general address and data 
registers, the instruction pointer, and the flags regis- 
ter. The contents of these registers are task-specific, 
so these registers are automatically loaded with a 
new context upon a task switch operation. 


The base architecture also includes six directly ac- 
cessible segments, each up to 4 Gbytes in size. The 
segments are indicated by the selector values 
placed in 80386 segment registers of Figure 2-1. 
Various selector values can be loaded as a program 
executes, if desired. 


GENERAL 
DATA AND ADDRESS 
REGISTERS 


31 
16 
15 
0 


EAX 


EBX 


ECX 


EDX 


ESI 


EDI 


EBP 


ESP 


SEGMENT 
SELECTOR 
REGISTERS 


15 
0 
CS 
f------l 
SS 
f------l 
DS 
f-------l 
ES 
f------l 
FS 
f-------l 
GS 
'------' 


AX 


BX 


CX 


DX 


SI 


DI 


BP 


SP 


INSTRUCTION 
POINTER 
AND FLAGS REGISTER 
31 
16 
15 


1:=======1 
F;GS 


o 
I EIP 
EFLAGS 


CODE 


STACK 


The selectors 
are also task-specific, 
so the segment 


registers 
are automatically 
loaded 
with new context 


upon a task switch operation. 


The 
other 
types 
of registers, 
Control, 
System 
Ad- 


dress, 
Debug, 
and Test. 
are primarily 
used by sys- 


tem software. 


2.3.1 
General Purpose Registers 


General 
Purpose 
Registers: 
The eight general 
pur- 
pose registers 
of 32 bits hold data or address quanti- 


ties. The general 
registers, 
Figure 2-2, support 
data 


operands 
of 1, 8, 16, 32 and 64 bits, and bit fields of 


1 to 32 bits. They support 
address 
operands 
of 16 


and 
32 bits. The 
32-bit 
registers 
are named 
EAX, 
EBX, ECX, EDX, ESI, EDI, EBP, and ESP. 


The least significant 
16 bits of the registers 
can be 


accessed 
separately. 
This is done by using the 16- 


bit names 
of the registers 
AX, BX, CX, DX, SI, DI, 


BP, and SP. When 
accessed 
as a 16-bit 
operand, 


the upper 16 bits of the register are neither used nor 
changed. 


Finally 
8-bit operations 
can individually 
access 
the 


lowest 
byte (bits 0-7) 
and the higher 
byte (bits 8- 


15) of general 
purpose 
registers 
AX, BX, CX and DX. 


The 
lowest 
bytes 
are named 
AL, 
BL, CL and 
DL, 


respectively. 
The 
higher 
bytes 
are named 
AH, BH, 


CH and DH, respectively. 
The individual 
byte acces- 


sibility offers additional 
flexibility 
for data operations, 


but is not used for effective 
address 
calculation. 


16 
15 
8 
7 
0 


AH 
AX 
AL 


BH 
BX 
BL 


CH 
CX 
CL 


DH 
DX 
DL 


SI 


DI 


BP 


SP 
. 


16 
15 
0 


I.. 
) 


EAX 


EBX 


ECX 


EDX 


ESI 


EDI 


EBP 


ESP 


IP 


Figure 
2·2. General 
Registers 


and Instruction 
Pointer 


The instruction 
pointer, 
Figure 2-2, is a 32-bit 
regis- 


ter named 
EIP. EIP holds the offset 
of the next in- 


struction 
to be executed. 
The offset 
is always 
rela- 


tive to the base of the code segment 
(CS). The low- 


er 16 bits (bits 0-15) 
of EIP contain 
the 
16-bit 
in- 


struction 
pointer 
named 
IP, which 
is used by 16-bit 


addressing. 


The 
Flags 
Register 
is 
a 
32-bit 
register 
named 


EFLAGS. 
The 
defined 
bits 
and 
bit 
fields 
within 


EFLAGS, 
shown in Figure 2-3, control 
certain opera- 


tions and indicate 
status of the 80386. The lower 16 


bits 
(bit 0-15) 
of EFLAGS 
contain 
the 
16-bit 
flag 


register 
named 
FLAGS, 
which 
is most 
useful 
when 


executing 
8086 and 80286 code. 


inter 


VIRTUAL MODE 
RESUME rLAG 
NESTED TASK rLAG 
I/O 
PRIVILEGE LEVEL 


OVERrLOW 
DIRECTION rLAG 
INTERRUPT ENABLE 


NOTE: 
o indicates 
Intel reserved: 
do not define; 
see section 
2.3.10. 


CARRY rLAG 
PARITY rLAG 
AUXILIARY CARRY 
ZERO rLAG 
SIGN rLAG 
TRAP rLAG 


VM 
(Virtual 8086 Mode, bit 17) 
The VM bit provides Virtual 8086 Mode within 
Protected Mode. If set while the 80386 is in 
Protected Mode, the 80386 will switch to Vir- 
tual 8086 operation, handling segment loads 
as the 8086 does, but generating exception 
13 faults on privileged opcodes. The VM bit 
can be set only in Protected Mode, by the 
IRET instruction (if current privilege level = 
0) and by task switches at any privilege level. 
The VM bit is unaffected by POPF. PUSHF 
always pushes a 0 in this bit, even if execut- 
ing in virtual 8086 Mode. The EFLAGS image 
pushed during interrupt processing or saved 
during task switches will contain a 1 in this bit 
if the interrupted code was executing as a Vir- 
tual 8086 Task. 


RF 
(Resume Flag, bit 16) 
The RF flag is used in conjunction with the 
debug register breakpoints. It is checked at 
instruction boundaries before breakpoint pro- 
cessing. When RF is set, it causes any debug 
fault to be ignored on the next instruction. RF 
is then automatically reset at the successful 
completion of every instruction (no faults are 
signalled) except the IRET instruction, the 
POPF instruction, (and JMP, CALL, and INT 
instructions causing a task switch). These in- 
structions set RF to the value specified by the 
memory image. For example, at the end of 
the 
breakpoint 
service routine, the 
IRET 


instruction can pop an EFLAG image having 
the RF bit set and resume the program's exe- 
cution at the breakpoint address without gen- 
erating another breakpoint fault on the same 
location. 


NT 
(Nested Task, bit 14) 
This flag applies to Protected Mode. NT is set 
to indicate that the execution of this task is 
nested within another task. If set, it indicates 
that the current nested task's Task State 
Segment (TSS) has a valid back link to the 
previous task's TSS. This bit is set or reset by 
control transfers to other tasks. The value of 
NT in EFLAGS is tested by the IRET instruc- 
tion to determine whether to do an inter-task 
return or an intra-task return. A POPF or an 
IRET instruction will affect the setting of this 
bit according to the image popped, at any 
privilege level. 


10PL (Input/Output Privilege Level, bits 12-13) 


This two-bit field applies to Protected Mode. 
10PL indicates the numerically maximum CPL 
(current privilege level) value permitted to ex- 
ecute I/O instructions without generating an 
exception 13 fault or consulting the I/O Per- 
mission Bitmap. It also indicates the maxi- 
mum CPL value allowing alteration of the IF 
(INTR Enable Flag) bit when new values are 
popped into the EFLAG register. POPF and 
IRET instruction can alter the 10PLfield when 
executed at CPL = O. Task switches can al- 
ways alter the 10PL field, when the new flag 
image is loaded from the incoming task's 
TSS. 


inter 


OF 
(Overflow Flag, bit 11) 
OF is set if the operation resulted in a signed 
overflow. Signed overflow occurs when the 
operation resulted in carry/borrow 
Into the 


sign bit (high-order bit) of the result but did 
not result in a carry/borrow out of the high- 
order bit, or vice-versa. For 8/16/32 bit oper- 
ations, OF is set according to overflow at bit 
7/15/31, respectively. 
DF 
(Direction Flag, bit 10) 
DF defines whether ESI and/or EDI registers 
postdecrement or postincrement during the 
string instructions. Postincrement occurs if 
DF is reset. Postdecrement occurs if DF is 
set. 


IF 
(INTR Enable Flag, bit 9) 
The IF flag, when set, allows recognition of 
external interrupts signalled on the INTR pin. 
When IF is reset, external interrupts signalled 
on the INTR are not recognized. IOPL indi- 
cates the maximum CPL value allowing alter- 
ation of the IF bit when new values are 
popped into EFLAGS or FLAGS. 
TF 
(Trap Enable Flag, bit 8) 
TF controls the generation of exception 1 
trap 
when 
single-stepping 
through 
code. 
When TF is set, the 80386 generates an ex- 
ception 1 trap after the next instruction is exe- 
cuted. When TF is reset, exception 1 traps 
occur only as a function of the breakpoint ad- 
dresses loaded into debug registers DRO- 
DR3. 
SF 
(Sign Flag, bit 7) 
SF is set if the high-order bit of the result is 
set, it is reset otherwise. For 8-, 16-, 32-bit 
operations, SF reflects the state of bit 7, 15, 
31 respectively. 


ZF 
(Zero Flag, bit 6) 
ZF is set if all bits of the result are O.Other- 
wise it is reset. 


AF 
(Auxiliary Carry Flag, bit 4) 
The Auxiliary Flag is used to simplify the addi- 
tion and subtraction of packed BCD quanti- 
ties. AF is set if the operation resulted in a 
carry out of bit 3 (addition) or a borrow into bit 
3 (subtraction). Otherwise AF is reset. AF is 
affected by carry out of, or borrow into bit 3 
only, regardless of overall operand length: 8, 
16 or 32 bits. 
PF 
(Parity Flags, bit 2) 
PF is set if the low-order eight bits of the op- 
eration contains an even number of "1's" 
(even parity). PF is reset if the low-order eight 
bits have odd parity. PF is a functior,l of only 
the low-order eight bits, regardless of oper- 
·and size. 


CF 
(Carry Flag, bit 0) 
CF is set if the operation resulted in a carry 
out of (addition), or a borrow into (subtraction) 
the high-order bit. Otherwise CF is reset. For 
8-, 16- or 32-bit operations, CF is set accord- 
ing to carry/borrow at bit 7,15 or 31, respec- 
tively. 


Note in these descriptions, "set" means "set to 1," 
and "reset" means "reset to 0." 


2.3.4 
Segment 
Registers 


Six 16-bit segment registers hold segment selector 
values identifying the currently addressable memory 
segments. Segment registers are shown in Figure 2- 
4. In Protected Mode, each segment may range in 
size from one byte up to the entire linear and physi- 


DESCRIPTORREGISTERS(LOADED AUTOMATICALLY) 


Other 
\ 


Segment 


Attributes from Descriptor 


cal space of the machine, 4 Gbytes (232 bytes). In 
Real Address Mode, the maximum segment size is 
fixed at 64 Kbytes (216 bytes). 


The six segments addressable at any given moment 
are defined by the segment registers C5, 5S, OS, 
E5, FS and GS. The selector in CS indicates the 
current code segment; the selector in 5S indicates 
the current stack segment; the selectors in OS, E5, 
F5 and GS indicate the current data segments. 


The segment descriptor registers are not program- 
mer visible, yet it is very useful to understand their 
content. Inside the 80386, a descriptor register (pro- 
grammer invisible) is associated with each program- 
mer-visible segment register, as shown by Figure 2- 
4. Each descriptor register holds a 32-bit segment 
base address, a 32-bit segment limit, and the other 
necessary segment attributes. 


When a selector value is loaded into a segment reg- 
ister, the associated descriptor register is automati- 
cally updated with the correct information. In Real 
Address Mode, only the base address is updated 
directly (by shifting the selector value four'bits to the 
left), since the segment maximum limit and attributes 
are fixed in Real Mode. In Protected Mode, the base 
address, the limit, and the attributes are all updated 
per the contents of the segment descriptor indexed 
by the selector. 


Whenever a memory reference occurs, the segment 
descriptor register associated with the segment be- 
ing used is automatically involved with the memory 
reference. The 32-bit segment base address be- 
comes a component of the linear address calcula- 
tion, the 32-bit limit is used for the limit-check opera- 
tion, and the attributes are checked against the type 
of memory reference requested. 


2.3.6 
Control Registers 


The 80386 has three control registers of 32 bits, 
CRo, CR2 and CR3, to hold machine state of a glob- 
al nature (not specific to an individual task). These 
registers, along with System Address Registers de- 
scribed in the next section, hold machine state that 
affects all tasks in the system. To access the Con- 
trol Registers, load and store instructions are de- 
fined. 


CRO: Machine 
Control 
Register 
(Includes 
80286 


Machine 
Status 
Word) 


CRo, shown in Figure 2-5, contains 6 defined bits for 
control and status purposes. The low-order 16 bits 
of CRo are also known as the Machine Status Word, 
MSW, for compatibility with 80286 Protected Mode. 
LMSW and SMSW instructions are taken as special 
aliases of the load and store CRo operations, where 
only the low-order 16 bits of CRo are involved. For 
compatibility with 
80286 operating 
systems the 


80386's LMSW instructions work in an identical 
fashion to the LMSW instruction on the 80286. (Le. It 
only operates on the low-order 16-bits of CRo and it 
ignores the new bits in CRo.) New 80386 operating 
systems should use the MOV CRo, Reg instruction. 


The defined CRo bits are described below. 
PG 
(Paging Enable, bit 31) 
the PG bit is set to enable the on-chip paging 
unit. It is reset to disable the on-chip paging 
unit. 


ET 
(Processor Extension Type, bit 4) 
ET indicates the processor extension type (ei- 
ther 80287 or 80387) as detected by the level 
of the ERROR., input following 80386 reset. 
The ET bit may also be set or reset by loading 
CRo under program control if desired. If ET is 
set, the 80387-compatible 32·bit protocol is 
used. If ET is reset, 80287-compatible 16-bit 
protocol is used. 
Note that for strict 80286 compatibility, ET is 
not affected by the LMSW instruction. When 
the MSW or CRo is stored, bit 4 accurately re- 
flects the current state of the ET bit. 


MSW 


NOTE: 0indicates 
Intel reserved: Do not define; SEE SECTION 2.3.10 


Figure 2·5. Control 
Register 
0 
4-6 


24 23 
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NOTE:0 indicates Intel reserved: Do not define; SEE SECTION 2.3.10 


Figure 2·6. Control Registers 2 and 3 


TS 
(Task Switched, bit 3) 
TS is automatically set whenever a task switch 
operation is performed. If TS is set, a coproces- 
sor ESCape opcode will cause a Coprocessor 
Not Available trap (exception 7). The trap han- 
dier typically saves the 80287/80387 
context 


belonging 
to 
a 
previous 
task, 
loads 
the 


80287/80387 
state belonging to the current 


task, and clears the TS bit before returning to 
the faulting coprocessor opcode. 


EM 
(Emulate Coprocessor, bit 2) 
The EMulate coprocessor bit is set to cause all 
coprocessor opcodes to generate a Coproces- 
sor Not Available fault (exception 7). It is reset 
to allow coprocessor opcodes to be executed 
on an actual 80287 or 80387 coprocessor (this 
the default case after reset). Note that the 
WAIT opcode is not affected by the EM bit set- 
ting. 


MP (Monitor Coprocessor, bit 1) 


The MP bit is used in conjunction with the TS 
bit to determine if the WAIT opcode will gener- 
ate a Coprocessor Not Available fault (excep- 
tion 7) when TS = 1. When both MP = 1 and 
TS = 1, the WAIT opcode generates a trap. 
Otherwise, the WAIT opcode does not gener- 
ate a trap. Note that TS is automatically set 
whenever a task switch operation is performed. 
PE 
(Protection Enable, bit 0) 
The PE bit is set to enable the Protected Mode. 
If PE is reset, the processor operates again in 
Real Mode. PE may be set by loading MSW or 
CRO.PE can be reset only by a load into CRO. 
Resetting the PE bit is typically part of a longer 
instruction sequence needed for proper tran- 
sition from Protected Mode to Real Mode. Note 
that for strict 80286 compatibility, PE cannot be 
reset brthe 
LMSW instruction. 


CR1: reserved 


CR2, shown in Figure 2-6, holds the 32-bit linear ad- 
dress that caused the last page fault detected. The 


error code pushed onto the page fault handler's 
stack when it is invoked provides additional status 
information on this page fault. 


CR3, shown in Figure 2-6, contains the physical 
base address of the page directory table. The 80386 
page 
directory 
table 
is 
always 
page-aligned 


(4 Kbyte-aligned). Therefore the lowest twelve bits 
of CR3 are ignored when written and they store as 
undefined. 


A task switch through a TSS which changes the 
value in CR3, or an explicit load into CR3 with any 
value, will invalidate all cached page table entries in 
the paging unit cache. Note that if the value in CR3 
does not change during the task switch, the cached 
page table entries are not flushed. 


Four special registers are defined to reference the 
tables or segments supported by the 80286/80386 
protection model. These tables or segments are: 


GOT (Global Descriptor Table), 
lOT (Interrupt Descriptor Table), 
LOT (Local Descriptor Table), 
TSS (Task State Segment). 


The addresses of these tables and segments are 
stored in special registers, the System Address and 
System Segment Registers illustrated in Figure 2-7. 
These registers are named GDTR, IDTR, LDTR and 
TR, respectively. Section 4 Protected Mode Archl· 
tecture describes the use of these registers. 


These registers hold the 32-bit linear base address 
and 16-bit limit of the GOT and lOT, respectively. 


The GOT and lOT segments, since they are global to 
all tasks in the system, are defined by 32-bit linear 
addresses (subject to page translation if paging is 
enabled) and 16-bit limit values. 


CR2 


CR3 


inter 


SYSTEM 
ADDRESS 
REGISTERS 


47 
32-BIT 
LINEAR 
BASE ADDRESS 
16 15 
LIMIT 
0 


~~~:I===========I=====I 


SYSTEM 
SEGMENT 


REGISTERS 


Figure 2·7. System Address and System Segment Registers 


Test Registers: Two registers are used to control 
the testing of the RAM/CAM (Content Addressable 
Memories) in the Translation Lookaside Buffer por- 
tion of the 80386. TR6 is the command test register, 
and TR? is the data register which contains the data 
of the Translation Lookaside buffer test. Their use is 
discussed in section 2.11 Testability. 


TR 


LDTR 


SELECTOR 


SELECTOR 
_ 


These registers hold the 16-bit selector for the LDT 
descriptor and the TSS descriptor, respectively. 


The LDT and TSS segments, since they are task· 
specific segments, are defined by selector values 
stored in the system segment registers. Note that a 
segment descriptor register (programmer-invisible) 
is associated with each system segment register. 


Debug Registers: The six programmer accessible 
debug registers provide on-chip support for debug- 
ging. Debug Registers DRO-3 specify the four linear 
breakpoints. The Debug Control Register DR? is 
used to set the breakpoints and the Debug Status 
Register DR6, displays the current state of the 
breakpoints. The use of the debug registers is de· 
scribed in section 2.12 Debugging support. 


DEBUG REGISTERS 
31 
0 


LINEAR BREAKPOINT ADDRESS 0 


LINEAR BREAKPOINT ADDRESS 1 


LINEAR BREAKPOINT ADDRESS 2 


LINEAR BREAKPOINT ADDRESS 3 


Intel reserved. Do not define. 


Intel reserved. Do not define. 


BREAKPOINT STATUS 


BREAKPOINT CONTROL 


DRO 


DR1 


DR2 


DR3 


DR4 


DR5 


DR6 


DR? 
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31 
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I TEST CONTROL 
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I 


ATIRIBUTES' 
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There are a few differences regarding the accessibil- 
ity of the registers in Real and Protected Mode. Ta- 
ble 2-1 summarizes these differences. See Section 
4 Protected Mode Architecture 
for further details. 


2.3.10 Compatibility 


VERY IMPORTANT NOTE: 


COMPATIBiliTY 
WITH FUTURE PROCESSORS 


In the preceding register descriptions, 
note cer- 


tain 80386 register bits are Intel reserved. When 
reserved bits are called out, treat them as fully 
undefined. 
This Is essential 
for your software 


compatibility 
with future processorsl 
Follow the 


guidelines below: 


1) Do not depend 
on the states 
of any unde- 


fined bits when testing the values of defined 
register bits. Mask them out when testing. 


2) Do not depend on the states of any unde- 


fined bits when storing 
them to memory or 


another register. 
3) Do not depend on the ability to retain Infor- 


mation written Into any undefined bits. 


4) When loading registers always load the unde- 


fined bits as zeros. 


inter 


Use In 
Use In 
Use In 


Register 
Real Mode 
Protected Mode 
Virtual 8086 Mode 


Load 
Store 
Load 
Store 
Load 
Store 


General Registers 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Segment Registers 
Yes 
Yes 
Yes 
Yes 
Yes 
Yes 


Flag Register 
Yes 
Yes 
Yes 
Yes 
IOPL 
IOPL" 


Control Registers 
Yes 
Yes 
PL = 0 
PL = 0 
No 
Yes 


GOTR 
Yes 
Yes 
PL = 0 
Yes 
No 
Yes 


IOTR 
Yes 
Yes 
PL = 0 
Yes 
No 
Yes 


LOTR 
No 
No 
PL = 0 
Yes 
No 
No 


TR 
No 
No 
PL = 0 
Yes 
No 
No 


Debug Control 
Yes 
Yes 
PL = 0 
PL = 0 
No 
No 


Test Registers 
Yes 
Yes 
PL = 0 
PL = 0 
No 
No 


NOTES: 
PL = 0: The registers 
can be accessed 
only when the current 
privilege 
level is zero. 
·IOPL: 
The PUSHF 
and POPF instructions 
are made 1/0 Privilege 
Level sensitive 
in Virtual 
8086 
Mode. 


5) However, 
registers 
which 
have been previ- 


ously stored may be reloaded without 
mask- 


Ing. 


Depending upon the values of undefined 
regis- 


ter bits will make your software dependent upon 
the unspecified 80386 handling of these bits. De- 
pending on undefined values risks making your 
software 
Incompatible 
with 
future 
processors 


that define usages for the 80386-undeflned 
bits. 


AVOID ANY SOFTWARE DEPENDENCE UPON 
THE STATE OF UNDEFINED 80386 REGISTER 
BITS. 


The instruction set is divided into nine categories of 
operations: 
Data Transfer 
Arithmetic 
Shift/Rotate 
String Manipulation 
Bit Manipulation 
Control Transfer 
High Level Language Support 
Operating System Support 
Processor Control 


These 80386 instructions are listed in Table 2-2. 


All 80386 instructions operate on either 0, 1, 2, or 3 
operands; where an operand resides in a register, in 
the instruction itself, or in memory. Most zero oper- 
and instructions (e.g. CLI, STI) take only one byte. 
One operand instructions generally are two bytes 
long. The average instruction is 3.2 bytes long. 
Since the 80386 has a 16-byte instruction queue, an 
average of 5 instructions will be prefetched. The use 
of two operands permits the following types of com- 
mon instructions: 
Register to Register 
Memory to Register 
Immediate to Register 
Register to Memory 
Immediate to Memory. 


The operands can be either 8, 16, or 32 bits long. As 
a general rule, when executing code written for the 
80386 (32-bit code), operands are 8 or 32 bits; when 
executing existing 80286 or 8086 code (16-bit code), 
operands are 8 or 16 bits. Prefixes can be added to 
all instructions which override the default length of 
the operands, (i.e. use 32-bit operands for 16-bit 
code, or 16-bit operands for 32-bit code). 


GENERAL 
PURPOSE 


MOV 
Move operand 


PUSH 
Push operand 
onto stack 


POP 
Pop operand 
off stack 


PUSHA 
Push all registers 
on stack 


POPA 
Pop all registers 
off stack 


XCHG 
Exchange 
Operand, 
Register 


XLAT 
Translate 


CONVERSION 


MOVZX 
Move byte or Word, Dword, with zero 
extension 


MOVSX 
Move byte or Word, Dword, sign 
extended 


CBW 
Convert 
byte to Word, or Word to Dword 


CWO 
Convert Word to DWORD 


CWDE 
Convert Word to DWORD extended 


CDa 
Convert 
DWORD to aWORD 


INPUT/OUTPUT 
- 


IN 
Input operand from I/O space 


OUT 
Output operand to I/O space 


ADDRESS 
OBJECT 


LEA 
Load effective 
address 


LOS 
Load pointer into 0 segment 
register 


LES 
Load pointer into E segment 
register 


LFS 
Load pointer into F segment 
register 


LGS 
Load pointer into G segment 
register 


LSS 
Load pointer into S (Stack) segment 
register 


FLAG MANIPULATION 


LAHF 
Load A register from Flags 


SAHF 
Store A register in Flags 


PUSHF 
Push flags onto stack 


POPF 
Pop flags off stack 
. 


PUSHFD 
Push EFlags onto stack 


POPFD 
Pop EFlags off stack 


CLC 
Clear Carry Flag 


CLD 
Clear Direction 
Flag 


CMC 
Complement 
Carry Flag 


STC 
Set Carry Flag 


STD 
Set Direction 
Flag 


ADDITION 


ADD 
Add operands 


ADC 
Add with carry 


INC 
Increment 
operand 
by 1 


AAA 
ASCII adjust for addition 


DAA 
Decimal adjust for addition 


SUBTRACTION 


SUB 
Subtract 
operands 


SBB 
Subtract 
with borrow 


DEC 
Decrement 
operand 
by 1 


NEG 
Negate operand 


CMP 
Compare 
operands 


DAS. 
Decimal adjust for subtraction 


AAS 
ASCII Adjust for subtraction 


MULTIPLICATION 


MUL 
Multiply Double/Single 
Precision 


IMUL 
Integer multiply 


AAM 
ASCII adjust after multiply 


DIVISION 


DIV 
Divide unsigned 
, 


IDIV 
Integer Divide 


AAD 
ASCII adjust before division 


MOVS 
Move byte or Word, Dword string 


INS 
Input string from I/O space 


OUTS 
Output string to I/O space 


CMPS 
Compare 
byte or Word, Dword string 


SCAS 
Scan Byte or Word, Dword string 


LODS 
Load byte or Word, Dword string 


STOS 
Store byte or Word, Dword string 


REP 
Repeat 


REPE/ 
REPZ 
Repeat while equal/zero 


RENE/ 
REPNZ 
Repeat while not equal/not 
zero 


I 
LOGICALS 


NOT 
"NOT" 
operands 
, 


AND 
"AND" 
operands 


OR 
"Inclusive 
OR" operands 


XOR 
"Exclusive 
OR" operands 


TEST 
"Test" 
operands 


SHIFTS 


SHLISHR 
Shift logical left or right 


SAL/SAR 
Shift arithmetic'left 
or right 


SHLD/ 
SHRD 
Double shift left or right 


ROTATES 


ROL/ROR 
Rotate left/right 


RCLIRCR 
Rotate through 
carry left/right 


SINGLE 
BIT INSTRUCTIONS 


BT 
Bit Test 


BTS 
Bit Test and Set 


BTR 
Bit Test and Reset 


BTC 
Bit Test and Complement 


BSF 
Bit Scan Forward 


BSR 
Bit Scan Reverse 


CONDITIONAL 
TRANSFERS 


SETCC 
Set byte equal to condition 
code 


JAlJNBE 
Jump if above/not 
below nor equal 


JAE/JNB 
Jump if above or equal/not 
below 


JB/JNAE 
Jump if below/not 
above nor equal 


JBE/JNA 
Jump if below or equal/not 
above 


JC 
Jump if carry 


JE/JZ 
Jump if equal/zero 


JG/JNLE 
Jump if greater/not 
less nor equal 


JGE/JNL 
Jump if greater or equal/not 
less 


JL/JNGE 
Jump if less/not 
greater nor equal 


JLE/JNG 
Jump if less or equal/not 
greater 


JNC 
Jump if not carry 


JNE/JNZ 
Jump if not equal/not 
zero 


JNO 
Jump if not overflow 


JNP/JPO 
Jump if not parity/parity 
odd 


JNS 
Jump if not sign 
~' 


JO 
Jump if overflow 


"" 


JP/JPE 
Jump if parity/parity 
even 


JS 
Jump if Sign 


Table 2·21. Program Control Instructions 


(Continued) 


UNCONDITIONAL 
TRANSFERS 


CALL 
Call procedure/task 


RET 
Return from procedure 


JMP 
Jump 
" 


ITERATION 
CONTROLS 
,- 


LOOP 
Loop 


LOOPE/ 


I 


LOOPZ 
Loop if equal/zero 


LOOPNE/ 
LOOPNZ 
Loop if not equal/not 
zero 


JCXZ 
JUMP if register CX =0 


INTERRUPTS 


INT 
Interrupt 


INTO 
Interrupt 
if overflow 


IRET 
Return from Interrupt/Task 


CLI 
Clear interrupt 
Enable 


STI 
Set Interrupt 
Enable 


BOUND 
Check Array Bounds 


ENTER 
Setup Parameter 
Block for Entering 


Procedure 


LEAVE 
Leave Procedure 


SGDT 
Store Global Descriptor 
Table 


SlOT 
Store Interrupt 
Descriptor 
Table 


STR 
Store Task Register 


SLOT 
Store Local Descriptor 
Table 


LGDT 
Load Global Descriptor 
Table 


L1DT 
Load Interrupt 
Descriptor 
Table 


LTR 
Load Task Register 


LLDT 
Load Local Descriptor 
Table 


ARPL 
Adjust Requested 
Privilege Level 


LAR 
Load Access 
Rights 


LSL 
Load Segment 
Limit 


VERR/ 
VERW 
Verify Segment 
for Reading 
or Writing 


LMSW 
Load Machine 
Status Word (lower 


16 bits of CRO) 


SMSW 
Store Machine 
Status Word 


HLT 
Halt 


WAIT 
Wait until BUSY # negated 


ESC 
Escape 


LOCK 
Lock Bus 


2.5.1 
Addressing 
Modes Overview 


The 80386 provides a total of 11 addressing modes 
for instructions to specify operands. The addressing 
modes are optimized to allow the efficient execution 
of high level languages such as C and FORTRAN, 
and they cover the vast majority of data references 
needed by high-level languages. 


Two of the addressing modes provide for instruc- 
tions that operate on register or immediate oper- 
ands: 


Register 
Operand 
Mode: The operand is located 


in one of the 8-, 16- or 32-bit general registers. 


Immediate 
Operand 
Mode: The operand is in- 


cluded in the instruction as part of the opcode. 


2.5.3 
32·Bit Memory Addressing 
Modes 


The remaining 9 modes provide a mechanism for 
specifying the effective address of an operand. The 
linear address consists of two components: the seg- 
ment base address and an effective address. The 
effective address is calculated by using combina- 
tions of the following four address elements: 


DISPLACEMENT: 
An 8-, or 32-bit immediate value, 


following the instruction. 


BASE: The contents of any general purpose regis- 
ter. The base registers are generally used by compil- 
ers to point to the start of the local variable area. 


INDEX: The contents of any general purpose regis- 
ter except for ESP. The index registers are used to 
access the elements of an array, or a string of char- 
acters. 


SCALE: The index register's value can be multiplied 
by a scale factor, either 1, 2, 4 or 8. Scaled index 
mode is especially useful for accessing arrays or 
structures. 


Combinations of these 4 components make up the 9 
additional addressing modes. There is no perform- 
ance penalty for using any of these addressing com- 
binations, since the effective address calculation is 
pipelined with the execution of other instructions. 


The one exception is the simultaneous use of Base 
and Index components which requires one addition- 
al clock. 


As shown in Figure 2-9, the effective address (EA) of 
an operand is calculated according to the following 
formula. 


Direct Mode: The operand's offset is contained as 
part of the instruction as an 8-, 16- or 32-bit dis- 
placement. 
EXAMPLE: 
INC Word 
PTR [500] 


Register Indirect Mode: A BASE register contains 
the address of the operand. 
EXAMPLE: 
MOV 
[ECX], 
EDX 


Based Mode: A BASE register's contents is added 
to a DISPLACEMENT to form the operands offset. 
EXAMPLE: 
MOV ECX, [EAX + 24] 


Index Mode: An INDEX register's contents is added 
to a DISPLACEMENTto form the operands offset. 
EXAMPLE: 
ADD EAX, TABLE[ESI] 


Scaled Index Mode: An INDEX register's contents is 
multiplied by a scaling factor which is added to a 
DISPLACEMENT to form the operands offset. 
EXAMPLE: 
IMUL EBX, TABLE[ESI*4],7 


Based Index Mode: The contents of a BASE register 
is added to the contents of an INDEX register to 
form the effective address of an operand. 
EXAMPLE: 
MOV EAX, [ESI] 
[EBX] 


Based Scaled Index Mode: The contents of an IN- 
DEX register is multiplied by a SCALING factor and 
the result is added to the contents of a BASE regis- 
ter to obtain the operands offset. 
EXAMPLE: 
MOV ECX, [EDX*S] 
[EAX] 


Based Index Mode with Displacement: The contents 
of an INDEX Register and a BASE register's con- 
tents and a DISPLACEMENT are all summed to- 
gether to form the operand offset. 
EXAMPLE: 
ADD EDX, [ESI] 
[EBP + OOFFFFFOH] 


Based Scaled Index Mode with Displacement: The 
contents of an INDEX register are multiplied by a 
SCALING factor, the result is added to the contents 
of a BASE register and a DISPLACEMENT to form 
the operand's offset. 
EXAMPLE: 
MOV 
EAX, 
LOCALTABLE[EDI*4] 


[EBP+SO] 


inter 


SS 
GS 
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2.5.4 
Differences 
Between 
16 and 32 


Bit Addresses 


In order to provide software compatibility with the 
80286 and the 8086, the 80386 can execute 16-bit 
. instructions in Real and Protected Modes. The proc- 
essor determines the size of the instructions it is ex- 
ecuting by examining the 0 bit in the CS segment 
Descriptor. If the 0 bit is 0 then all operand lengths 
and effective addresses are assumed to be 16 bits 
long. If the 0 bit is 1 then the default length for oper- 
ands and addresses is 32 bits. In Real Mode the 
default size for operands and addresses is 16-bits. 


Regardless of the default precision of the operands 
or addresses, the 80386 is able to execute either 16 
or 32-bit instructions. This is specified via the use of 
override prefixes. Two prefixes, the Operand 
Size 


Prefix and the Address 
Length 
Prefix, override the 


value of the 0 bit on an individual instruction basis. 
These prefixes are automatically added by Intel as- 
semblers. 


Example: The processor is executing in Real Mode 
and the programmer needs to access the EAX regis- 
ters. The assembler code for this might be MOV 
EAX, 32bitMEMORYOP, ASM 386 automatically de- 
termines that an Operand Size Prefix is needed and 
generates it. 


Example: The 0 bit is 0, and the programmer wishes 
to use Scaled Index addressing mode to access an 
array. The Address Length Prefix allows the use of 
MOV OX, TABLE[ESI*2]. The assembler uses an 
Address Length Prefix since, with 0 =0, the default 
addressing mode is 16-bits. 


Example: The 0 bit is 1, and the program wants to 
store a 16-bit quantity. The Operand Length Prefix is 
used to specify only a 16-bit value; MOV MEM16, 
OX. 


inter 


16·Blt Addressing 
32·Blt Addressing 


BASE REGISTER 
BX,BP 
Any 32-bit GP Register 
INDEX REGISTER 
SI,DI 
Any 32-bit GP Register 
Except ESP 


SCALE FACTOR 
none 
1,2,4,8 


DISPLACEMENT 
0,8,16 bits 
0,8,32 bits 


The OPERAND LENGTH and Address Length Pre- 
fixes can be applied separately or in combination to 
any instruction. The Address Length Prefix does not 
allow addresses over 64K bytes to be accessed in 
Real Mode. A memory address which exceeds 
FFFFH will result in a General Protection Fault. An 
Address Length Prefix only allows the use of the ad- 
ditional 80386 addressing modes. 


When executing 32-bit code, the 80386 uses either 
8-, or 32·bit displacements, and any register can be 
used as base or index registers. When executing 16- 
bit code, the displacements are either 8, or 16 bits, 
and the base and index register conform to the 286 
model. Table 2-3 illustrates the differences. 


The 80386 supports all of the data types commonly 
used in high level languages: 


Bit: A single bit quantity. 


Bit Field: A group of up to 32 contiguous bits, 
which spans a maximum of four bytes. 


Bit String: A set of contiguous bits, on the 80386 
bit strings can be up to 4 gigabits long. 


Integer (Word): A signed 16-bit quantity. 


Long Integer (Double Word): A signed 32-bit quan- 
tity. All operations assume a 2's complement rep- 
resentation. 


Unsigned Integer (Word): An unsigned 
16-bit 


quantity. 


Unsigned Long Integer (Double Word): An un- 
signed 32-bit quantity. 


Signed Quad Word: A signed 64-bit quantity. 


Unsigned Quad Word: An unsigned 64-bit quanti- 
ty. 


Offset: A 16- or 32-bit offset only quantity which 
indirectly references another memory location. 


Pointer: A full pointer which consists of a 16·bit 
segment selector and either a 16- or 32-bit offset. 


Char: A byte representation of an ASCII Alphanu· 
meric or control character. 


String: A contiguous sequence of bytes, words or 
dwords. A string may contain between 1 byte and 
4 Gbytes. 


BCD: A byte (unpacked) representation of decimal 
digits 0-9. 


Packed BCD: A byte (packed) representation of 
two decimal digits 0-9 
storing one digit in each 


nibble. 


When the 80386 is coupled with a 80387 Numerics 
Coprocessor then the following common Floating 
Point types are supported. 


Floating Point: A signed 32-, 64·, or 80-bit real 
number representation. Floating point numbers 
are supported by the 80387 numerics coproces- 
sor. 


Figure 2-10 illustrates the data types supported by 
the 80386 and the 80387. 
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2.7.1 
Introduction 


Memory on the 80386 is divided up into 8-bit quanti- 
ties (bytes), 16-bit quantities (words), and 32-bit 
quantities (dwords). Words are stored in two consec- 
utive bytes in memory with the low-order byte at the 
lowest address, the high order byte at the high ad- 
dress. Dwords are stored in four consecutive bytes 
in memory with the low-order byte at the lowest ad- 
dress, the high-order byte at the highest address. 
The address of a word or dword is the byte address 
of the low-order byte. 


In addition to these basic data types the 386 sup- 
ports two larger units of memory: pages and seg- 
ments. Memory can be divided up into one or more 
variable length segments, which can be swapped to 
disk or shared between programs. Memory can also 
be organized into one or more 4K byte pages. Final- 
ly, both segmentation and paging can be combined 
gaining the advantages of both systems. The 80386 
supports both pages and segments in order to pro- 
vide maximum flexibility to the system designer. 
Segme~tat!on and paging are complementary. Seg- 
mentation IS useful for organizing memory in logical 
modules, and as such is a tool for the application 
programmer, while pages are useful for the system 
programmer for managing the physical memory of a 
system. 


2.7.2 
Address Spaces 


The 80386 
has three 
distinct address spaces: 


logical, 
linear, 
and physical. 
A logical 
address 


(also known as a virtual address) consists of a se- 
lector and an offset. A selector is the contents of a 
segment register. An offset is formed by summing all 
of the addressing components (BASE, INDEX, DIS- 
PLACEMENT) discussed in section 2.5.3 Memory 
Addressing 
Modes into an effective address. Since 


each task on 80386 has a maximum of 16K (214 
-1) 
selectors, and offsets can be 4 gigabytes, (232 


bits) this gives a total of 246 bits or 64 terabytes of 
logical 
address space per task. The programmer 


sees this virtual address space. 


The segmentation unit translates the logical 
ad- 


dress space into a 32-bit linear address space. If the 
paging unit is not enabled then the 32-bit linear ad- 
dress corresponds to the physical 
address. The 


paging unit translates the linear address space into 
the physical address space. The physical 
address 


is what appears on the address pins. 


The primary difference between Real Mode and Pro- 
tected Mode is how the segmentation unit performs 
the translation of the logical address into the linear 
address. In Real Mode, the segmentation unit shifts 
the selector left four bits and adds the result to the 
offset to form the linear address. While in Protected 
Mode every selector has a linear base address as- 
sociated with it. The linear base address is stored in 
one of two operating system tables (Le. the Local 
Descriptor Table or Global Descriptor Table). The 
selector's linear base address is added to the offset 
to form the final linear address. 


Figure 2-11 shows the relationship between the vari- 
ous address spaces. 
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The main data structure 
used to organize 
memory 
is 


the 
segment. 
On the 
386, 
segments 
are variable 


sized blocks 
of linear addresses 
which 
have certain 


attributes 
associated 
with them. There are two main 


types of segments: 
code and data, the segments 
are 


of variable 
size and can be as small as 1 byte or as 


large as 4 gigabytes 
(232 bytes). 


In order 
to provide 
compact 
instruction 
encoding, 
and 
increase 
processor 
performance, 
instructions 


do not need to explicitly 
specify which segment 
reg- 


ister is used. A default 
segment 
register 
is automati- 


cally 
chosen 
according 
to the 
rules 
of Table 
2-4 


(Segment 
Register 
Selection 
Rules). In general, data 


references 
use the selector 
contained 
in the OS reg- 


ister; Stack 
references 
use the SS register 
and In- 


struction 
fetches 
use the CS register. 
The contents 


of the Instruction 
Pointer provides 
the offset. Special 


segment 
override 
prefixes 
allow the explicit 
use of a 


given 
segment 
register, 
and 
override 
the 
implicit 


rules listed in Table 2-4. The override 
prefixes 
also 


allow the use of the ES, FS and GS segment 
regis- 


ters. 


There 
are no restrictions 
regarding 
the overlapping 


of the base addresses 
of any segments. 
Thus, all 6 


segments 
could 
have the base address 
set to zero 


and create 
a system 
with a four gigabyte 
linear ad- 


dress space. This creates 
a system where the virtual 


address 
space 
is the 
same 
as the 
linear 
address 


space. 
Further 
details 
of 
segmentation 
are 
dis- 


cussed 
in section 
4.1. 


The 
80386 
has 
two 
distinct 
physical 
address 


spaces: 
Memory 
and I/O. Generally, 
peripherals 
are 


placed 
in I/O 
space 
although 
the 80386 
also sup- 


ports 
memory-mapped 
peripherals. 
The 
I/O 
space 


consists 
of 64K bytes, it can be divided 
into 64K 8- 


bit ports, 32K 16-bit ports, or 16K 32-bit ports, or any 
combination 
of ports which add up to less than 64K 


bytes. The 64K I/O address 
space refers to physical 


memory rather than linear address 
since I/O instruc- 


tions do not go through 
the segmentation 
or paging 


hardware. 
The M/IO# 
pin acts as an additional 
ad- 


dress line thus allowing 
the system designer 
to easi- 


ly determine 
which 
address 
space 
the processor 
is 


accessing. 


Type of 
Implied (Default) 
Segment 
Override 
Memory 
Reference 
Segment 
Use 
Prefixes 
Possible 


Code Fetch 
CS 
None 


Destination 
of PUSH, 


PUSHA instructions 
SS 
None 


Source of POP, POPA 
instructions 
SS 
None 


Other data references, 
with effective 
address 


using base register of: 
[EAX] 
OS 
CS,SS,ES,FS,GS 
[EBX] 
OS 
CS,SS,ES,FS,GS 
[ECX] 
OS 
CS,SS,ES,FS,GS 
[EDX] 
OS 


" 
CS,SS,ES,FS,GS 
[EBX] 
OS 
CS,SS,ES,FS,GS 
[ESI] 
OS 
CS,SS,ES,FS,GS 
[EDI]' 
OS 
CS,SS,ES,FS,GS 
[EBP] 
SS 
CS,DS,ES,FS,GS 
[ESP] 
SS 
CS,DS,ES,FS,GS 


rnSt~cti~ns, with the port address supplied as an 
immediate 8-bit constant in the instruction or in the 
OXregister. All 8- and 16-bit port addresses are zero 
extended on the upper address lines. The I/O in- 
structions cause the MilO#- pin to be driven low. 


I/O port addresses 00F8H through OOFFHare re- 
served for use by Intel. 


2.9.1 
Interrupts 
and Exceptions 


Interrupts and exceptions alter the normal program 
flow, in order to handle external events, to report 
errors or exceptional conditions. The difference be- 
tween interrupts and exceptions is that interrupts are 
used to handle asynchronous external events while 
exceptions handle instruction faults. Although a pro- 
gram can generate a software interrupt via an INT N 
instruction, the processor treats software interrupts 
as exceptions. 


Hardware interrupts occur as the result of an exter- 
nal event and are classified into two types: maskable 
or non-maskable. Interrupts are serviced after the 
execution of the current instruction. After the inter- 
rupt handler is finished servicing the interrupt, exe- 
cution proceeds with the instruction immediately 
after the interrupted instruction. Sections 2.9.3 and 
2.9.4 discuss the differences between Maskable and 
Non-Maskable interrupts. 


Exceptions are classified as faults, traps, or aborts 
depending on the way they are reported, and wheth- 
er or not restart of the instruction causing the excep- 
tion is supported. Faults are exceptions that are de- 
tected and serviced before 
the execution of the 


faulting instruction. A fault would occur in a virtual 
memory system, when the processor referenced a 
page or a segment which was not present. The oper- 
ating system would fetch the page or segment from 
disk, and then the 80386 would restart the instruc- 
tion. Traps are exceptions that are reported immedi- 
ately after 
the execution of the instruction which 


caused the problem. User defined interrupts are ex- 
amples of traps. Aborts 
are exceptions which do 


not permit the precise location of the instruction 
causing the exception to be determined. Aborts are 
used to report severe errors, such as a hardware 
error, or illegal values in system tables. 


completed, execution proceedSfrom ihe-instrUction 
immediately following the interrupted instruction. On 
the other hand, the return address from an excep- 
tion fault routine will always point at the instruction 
causing the exception and include any leading in- 
struction prefixes. Table 2-5 summarizes the possi- 
ble interrupts for the 80386 and shows where the 
return address points. 


The 80386 has the ability to handle up to 256 differ- 
ent interrupts/exceptions. In order to service the in- 
terrupts, a table with up to 256 interrupt vectors 
must be defined. The interrupt vectors are simply 
pointers to the appropriate interrupt service routine. 
In Real Mode (see section 3.1), the vectors are 4 
byte quantities, a Code Segment plus a 16-bit offset; 
in Protected Mode, the interrupt vectors are 8 byte 
quantities, which are put in an Interrupt Descriptor 
Table (see section 4.1). Of the 256 possible inter- 
rupts, 32 are reserved for use by Intel, the remaining 
224 are free to be used by the system designer. 


When an interrupt occurs the following actions hap- 
pen. First, the current program address and the 
Flags are saved on the stack to allow resumption of 
the interrupted program. Next, an 8-bit vector is sup- 
plied to the 80386 which identifies the appropriate 
entry in the interrupt table. The table contains the 
starting address of the interrupt service routine. 
Then, the user supplied interrupt service routine is 
executed. Finally, when an IRET instruction is exe- 
cuted the old processor state is restored and pro- 
gram execution resumes at the appropriate instruc- 
tion. 


The 8-bit interrupt vector is supplied to the 80386 in 
several different ways: exceptions supply the inter- 
rupt vector internally; software INT instructions con- 
tain or imply the vector; maskable hardware inter- 
rupts supply the 8-bit vector via the interrupt ac- 
knowledge bus sequence. Non-Maskable hardware 
interrupts are assigned to interrupt vector 2. 


Maskable interrupts are the most common way used 
by the 80386 to respond to asynchronous external 
hardware events. A hardware interrupt occurs when 
the INTR is pulled high and the Interrupt Flag bit (IF) 
is enabled. The processor only responds to inter- 
rupts between instructions, (REPeat String instruc- 


Instruction 
Which 
Return Address 


Function 
Interrupt 
Can Cause 
Points 
to 
Type 
Number 
Faulting 
Exception 
Instruction 


Divide Error 
0 
DIV,IDIV 
YES 
FAULT 


Debug Exception 
1 
any instruction 
YES 
TRAp· 


NMllnterrupt 
2 
INT20rNMI 
NO 
NMI 


One Byte Interrupt 
3 
INT 
NO 
TRAP 


Interrupt 
on Overflow 
4 
INTO 
NO 
TRAP 


Array Bounds Check 
5 
BOUND 
- 
YES 
FAULT 


Invalid OP-Code 
6 
Any Illegal Instruction 
YES 
FAULT 


Device Not Available 
7 
ESC, WAIT 
YES 
FAULT 


Double Fault 
8 
Any Instruction 
That Can 
ABORT 


Generate 
an Exception 


Coprocessor 
Segment 
Overrun 
9 
ESC 
NO 
ABORT 


InvalidTSS 
10 
JMP, CALL, IRET, INT 
YES 
FAULT 


Segment 
Not Present 
11 
Segment 
Register 
Instructions 
YES 
FAULT 


Stack Fault 
12 
Stack References 
YES 
FAULT 


General 
Protection 
Fault 
13 
Any Memory 
Reference 
~ 


YES 
FAULT 


Page Fault 
14 
Any Memory Access 
or Code Fetch 
YES 
FAULT 


Coprocessor 
Error 
16 
ESC, WAIT 
YES 
FAULT 


Intel Reserved 
17-32 


Two Byte Interrupt 
0-255 
INTn 
NO 
TRAP 


tions, have an "interrupt 
window", 
between 
memory 


moves, 
which 
allows 
interrupts 
during 
long 
string 


moves). 
When 
an 
interrupt 
occurs 
the 
processor 


reads an 8-bit vector supplied 
by the hardware 
which 


identifies 
the 
source 
of the 
interrupt, 
(one 
of 224 


user defined 
interrupts). 
The exact nature of the in- 


terrupt 
sequence 
is discussed 
in section 
5. 


The IF bit in the EFLAG 
registers 
is reset when an 


interrupt 
is being serviced. 
This effectively 
disables 


servicing 
additional 
interrupts 
during 
an 
interrupt 


service 
routine. However, 
the IF may be set explicitly 


by the interrupt 
handler, to allow the nesting of inter- 


rupts. 
When 
an 
IRET 
instruction 
is executed 
the 


original 
state of the IF is restored. 


Non-maskable 
interrupts 
provide a method 
of servic- 


ing very high priority 
interrupts. 
A common 
example 


of the use of a non-maskable 
interrupt 
(NMI) would 


be to activate 
a power failure routine. When the NMI 


input 
is pulled 
high 
it causes 
an interrupt 
with 
an 


internally 
supplied 
vector value of 2. Unlike a normal 


hardware 
interrupt, 
no interrupt 
acknowledgment 
se- 


quence 
is performed 
for an NMI. 


While 
executing 
the 
NMI 
servicing 
procedure, 
the 


80386 will not service 
further 
NMI requests, 
until an 


interrupt 
return (IRET) instruction 
is executed 
or the 


processor 
is reset. 
If NMI 
occurs 
while 
currently 


servicing 
an NMI, its presence 
will be saved for serv- 


icing after executing 
the first IRET instruction. 
The IF 


bit is cleared 
at the beginning 
of an NMI interrupt 
to 


inhibit further 
INTR interrupts. 


2.9.5 Software Interrupts 


A third type of interrupti 
exception 
for the 80386 
is 


the software 
interrupt. 
An INT n instruction 
causes 


the processor 
to execute 
the interrupt 
service 
rou- 


tine pointed 
to by the nth vector 
in the interrupt 
ta- 


ble. 


A special case of the two byte software 
interrupt 
INT 


n is the one byte INT 3, or breakpoint 
interrupt. 
By 


inserting 
this one byte instruction 
in a program, 
the 


user can set breakpoints 
in his program 
as a debug- 
ging tool. 


A final type of software 
interrupt, 
is the single 
step 


interrupt. 
It is discussed 
in section 
2.12. 


2.9.6 
Interrupt and Exception 
Priorities 


Interrupts 
are externally-generated 
events. 
Maska- 
ble Interrupts 
(on the INTR input) and Non-Maskable 


Interrupts 
(on the 
NMI input) 
are recognized 
at in- 


struction 
boundaries. 
When 
NMI 
and 
maskable 


INTR are both 
recognized 
at the same 
instruction 


boundary, 
the 80386 
invokes 
the 
NMI service 
rou- 


tine first. If, after the NMI service 
routine 
has been 


invoked, 
maskable 
interrupts 
are still enabled, 
then 


the 80386 
will invoke the appropriate 
interrupt 
serv- 
ice routine. 
Table 
2·6a. 80386 Priority 
for Invoking 


Service 
Routines 
In Case of 


Simultaneous 
External 
Interrupts 


1.NMI 


2.INTR 


Exceptions 
are internally-generated 
events. 
Excep- 


tions are detected 
by the 80386 
if, in the course 
of 


executing 
an instruction, 
the 80386 
detects 
a prob- 


lematic 
condition. 
The 
80386 
then 
immediately 
in- 
vokes the appropriate 
exception 
service routine. The 


state of the 80386 
is such that the instruction 
caus- 


ing the exception 
can be restarted. 
If the exception 


service 
routine 
has taken 
care 
of the 
problematic 


condition, 
the instruction 
will execute 
without 
caus- 


ing the same exception. 


It is possible 
for a single lnstruction 
to generate 
sev- 


eral 
exceptions 
(for example, 
transferring 
a single 


operand 
could generate 
two page faults if the oper- 


and location 
spans two "not 
present" 
pages). 
How- 


ever, only one exception 
is generated 
upon each at- 


tempt 
to 
execute 
the 
instruction. 
Each 
exception 


service 
routine 
should 
correct 
its corresponding 
ex- 
ception, 
and restart 
the instruction. 
In this manner, 
exceptions 
are 
serviced 
until 
the 
instruction 
exe- 


cutes successfully. 


As the 80386 executes 
instructions, 
it follows 
a con- 


sistent 
cycle in checking 
for exceptions, 
as shown in 


Table 
2-6b. This cycle 
is repeated 
as each 
instruc- 


tion is executed, 
and occurs 
in parallel 
with instruc- 


tion decoding 
and execution. 


Table 
2-6b. Sequence 
of Exception 
Checking 


Consider 
the case of the 80386 having just com- 


pleted an instruction. 
It then performs 
the follow- 


ing checks 
before 
reaching 
the point where 
the 


next instruction 
is completed: 


1. Check for Exception 
1 Traps from the instruc- 


tion just completed 
(single-step 
via Trap Flag, 


or Data Breakpoints 
set in the 
Debug 
Regis- 


ters). 


2. Check 
for Exception 
1 Faults 
in the 
next 
in- 


struction 
(Instruction 
Execution 
Breakpoint 
set 


in the 
Debug 
Registers 
for the 
next 
instruc- 


tion). 


3. Check for external 
NMI and INTR. 


4. Check for Segmentation 
Faults that prevented 


fetching 
the entire next instruction 
(exceptions 


11 or 13). 


5. Check for Page Faults that prevented 
fetching 


the entire next instruction 
(exception 
14). 


6. Check for Faults decoding 
the next instruction 


(exception 
6 if illegal opcode; 
exception 
6 if in 


Real 
Mode 
or in Virtual 
8086 
Mode 
and 
at- 


tempting 
to execute 
an instruction 
for Protect- 


ed Mode 
only 
(see 4.6.4); 
or exception 
13 if 


instruction 
is longer than 15 bytes, or privilege 


violation 
in Protected 
Mode (Le. not at IOPL or 


at CPL=O). 


7. If WAIT 
opcode, 
check 
if TS= 
1 and 
MP= 
1 


(exception 
7 if both are 1). 


8. If ESCAPE 
opcode 
for numeric 
coprocessor, 


check if EM = 1 or TS = 1 (exception 
7 if either 


are 1). 


9. If WAIT 
opcode 
or ESCAPE 
opcode 
for 
nu- 


meric coprocessor, 
check 
ERROR # input sig- 


nal (exception 
16 if ERROR# 
input is assert- 


ed). 


10. Check 
in the following 
order for each memo- 


ry reference 
required 
by the instruction: 


a. Check 
for Segmentation 
Faults 
that 
pre- 


vent transferring 
the entire memory 
quanti- 


ty (exceptions 
11, 12, 13). 


b. Check 
for Page Faults that prevent 
trans- 


ferring 
the entire memory 
quantity 
(excep- 


tion 14). 


Note that the order stated 
supports 
the concept 


of the 
paging 
mechanism 
being 
"underneath" 


the segmentation 
mechanism. 
Therefore, 
for any 


given 
code 
or data 
reference 
in memory, 
seg- 


mentation 
exceptions 
are generated 
before 
pag- 
ing exceptions 
are generated. 
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The 
80386 
fully 
supports 
restarting 
all instructions 


after faults. If an exception 
is detected 
in the instruc- 


tion to be executed 
(exception 
categories 
4 through 


10 in Table 2-6c), the 80386 invokes the appropriate 
exception 
service 
routine. 
The 80386 
is in a state 


that 
permits 
restart 
of the instruction, 
for all cases 


but those in Table 2-6c. Note that all such cases are 
easily avoided 
by proper design of the operating 
sys- 


tem. 


Table 
2·6c. Conditions 
Preventing 


Instruction 
Restart 


A. An instruction 
causes 
a task switch 
to a task 


whose 
Task 
State 
Segment 
is partially 
"not 


present". 
(An entirely 
"not present" 
TSS is re- 
startable.) 
Partially 
present 
TSS's 
can 
be 


avoided 
either 
by keeping 
the TSS's 
of such 


tasks 
present 
in memory, 
or by aligning 
TSS 


segments 
to reside entirely 
within a single 4K 


page (for TSS segments 
of 4K bytes or less). 


B. A coprocessor 
operand 
wraps around the top 


of a 64K-byte 
segment 
or a 4G-byte 
segment, 
and spans three pages, and the page holding 
the middle portion of the operand 
is "not pres- 


ent." This condition 
can be avoided 
by starting 


at a page boundary 
any segments 
containing 


coprocessor 
operands 
if the segments 
are ap- 


proximately 
64K-200 
bytes or larger (Le. large 


enough 
for 
wraparound 
of the 
coprocessor 


operand 
to possibly 
occur). 


Note that these 
conditions 
are avoided 
by using 


the operating 
system 
designs 
mentioned 
in this 


table. 


A Double 
Fault (exception 
8) results when the proc- 


essor 
attempts 
to invoke 
an exception 
service 
rou- 


tine for the segment 
exceptions 
(10, 11, 12 or 13), 
but in the process 
of doing so, detects 
an exception 


other 
than 
a Page Fault (exception 
14). 


A Double 
Fault (exception 
8) will also be generated 


when 
the 
processor 
attempts 
to invoke 
the 
Page 


Fault (exception 
14) service 
routine, 
and detects 
an 


exception 
other 
than 
a second 
Page Fault. 
In any 


functional 
system, 
the entire Page Fault service 
rou- 


tine must remain 
"present" 
in memory. 


When a Double 
Fault occurs, the 80386 invokes 
the 


exception 
service 
routine 
for exception 
8. 


When the processor 
is initialized 
or Reset the regis- 


ters have the values shown in Table 2-7. The 80386 
will then start executing 
instructions 
near the top of 


physical 
memory, 
at location 
FFFFFFFOH. 
When the 


first InterSegment 
Jump or Call is executed, 
address 


lines A20-31 
will drop 
low for CS-relative 
memory 


cycles, 
and the 80386 will only execute 
instructions 


in the lower one megabyte 
of physical 
memory. 
This 


allows the system designer 
to use a ROM at the top 


of physical 
memory 
to initialize 
the system 
and take 


care of Resets. 


RESET forces 
the 80386 
to terminate 
all execution 


and 
local 
bus activity. 
No instruction 
execution 
or 


bus activity 
will occur 
as long 
as Reset 
is active. 


Between 
350 and 450 CLK2 periods 
after Reset be- 


comes 
inactive 
the 
80386 
will 
start 
executing 
in- 


structions 
at the top of physical 
memory. 


Table 
2·7. Register 
Values 
after 
Reset 


Flag Word 
Machine Status Word (CRO) 
Instruction 
Pointer 
Code Segment 
Data Segment 
Stack Segment 
Extra Segment 
(ES) 
Extra Segment 
(FS) 
Extra Segment 
(GS) 
OX register 


UUUU0002H 
Note 1 


UUUUUUUOH 
Note 2 
OOOOFFFOH 
FOOOH Note3 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
OOOOH 
component 
and 
stepping 
10 Note 5 
undefined 
Note 4 


NOTES: 
1. EFLAG Register. The upper 14 bits of the EFLAGS reg- 
ister are undefined, VM (Bit 17) and RF (Bin 
16 are 0 as 


are all other defined flag bits. 
2. CRO:(Machine Status Word). All of the defined fields in 
the CROare 0 (PG Bit 31, TS Bit 3, EM Bit 2, MP Bit 1, and 
PE Bit 0) except for ET Bit 4 (processor extension type). 
The ET Bit is set during Reset according to the type of Co- 
processor in the system. If the coprocessor is an 80387 
then ET will be 1, if the coprocessor is an 80287 or no 
coprocessor is present then ET will be O.All other bits are 
undefined. 
3. The Code Segment Register (CS) will have its Base Ad- 
dress set to FFFFOOOOHand Limit set to OFFFFH. 
4. All undefined bits are Intel Reserved and should not be 
used. 
5. OX register always holds component and stepping iden- 
tifier (see 5.7). EAX register holds self-test signature if self- 
test was requested (see 5.6). 
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The 80386 has the capability to perform a self-test. 
The self-test checks the function of all of the Control 
ROM and most of the non-random logic of the part. 
Approximately one-half of the 80386 can be tested 
during self-test. 


Self-Test is initiated on the 80386 when the RESET 
pin transitions from HIGH to LOW, and the BUSYII 
pin is low. The self-test takes about 2"19 
clocks, or 
approximately 33 milliseconds with a 16 MHz 80386. 
At the completion of self-test the processor per- 
forms reset and begins normal operation. The part 
has successfully passed self·test if the contents of 
the EAX register are zero (0). If the results of EAX 
are not zero then the self-test has detected a flaw in 
the part. 


The 80386 provides a mechanism for testing the 
Translation Lookaside Buffer (TLB) if desired. This 
particular mechanism is unique to the 80386 and 
may not be continued in the same way in future 
processors. When testing the TLB paging must be 
turned off (PG = 0 in CRO)to enable the TLB test- 
ing hardware and avoid interference with the test 
data being written to the TLB. 


There are two TLB testing operations: 1) write en- 
tries into the TLB, and, 2) perform TLB lookups. Two 
Test Registers, shown in Figure 2·12, are provided 
for the purpose of testing. TR6 is the "test command 
register", and TR7 is the "test data register". The 
fields within these registers are defined below. 


c: This is the command bit. For a write into TR6 to 
cause an immediate write into the TLB entry, write a 
o to this bit. For a write into TR6 to cause an immedi- 
ate TLB lookup, write a 1 to this bit. 


Linear Address: This is the tag field of the TLB. On 
a TLB write, a TLB entry is allocated to this linear 
address and the rest of that TLB entry is set per the 
value of TR7 and the value just written into TR6. On 
a TLB lookup, the TLB is interrogated per this value 
and if one and only one TLB entry matches, the rest 
of the fields of TR6 and TR7 are set from the match- 
ing TLB entry. 


Physical Address: This is the data field of the TLB. 
On a write to the TLB, the TLB entry allocated to the 
linear address in TR6 is set to this value. On a TLB 
lookup, the data field (physical address) from the 
TLB is read out to here. 


PL: On a TLB write, PL= 1 causes the REP field of 
TR7 to select which of four associative blocks of the 
TLB is to be written, but PL=0 allows the internal 
pointer in the paging unit to select which TLB block 
is written. On a TLB lookup, the PL bit indicates 
whether the lookup was a hit (PL gets set to 1) or a 
miss (PL gets reset to 0). 


V: The valid bit for this TLB entry. All valid bits can 
also be cleared by writing to CR3. 


For 0, U and W, both the attribute and its comple- 
ment are provided as tag bits, to permit the option of 
a "don't care" on TLB lookups. The meaning of 
these pairs of bits is given in the following table: 


X 
XII 
Effect During 
Value of Bit 


TLB Lookup 
X after TLB Write 


0 
0 
Miss All 
Bit X Becomes Undefined 


0 
1 
Match if X = 0 
Bit X Becomes 0 


1 
0 
Match if X = 1 
Bit X Becomes 1 


1 
1 
Match all 
Bit X Becomes Undefined 


For writing a TLB entry: 
1. Write TR7 for the desired physical address, PL 


and REP values. 


2. Write TR6 with the appropriate linear address, 


etc. (be sure to write C = 0 for "write" 
com- 


mand). 


For looking up (reading) a TLB entry: 


1. Write TR6 with the appropriate linear address (be 


sure to write C= 1 for "lookup" command). 


2. Read TR7 and TR6. If the PL bit in TR7 indicates 


a hit, then the other values reveal the TLB con- 
tents. If PL indicates a miss, then the other values 
in TR7 and TR6 are indeterminate. 


The 80386 provides several features which simplify 
the debugging process. The three categories of on- 
chip debugging aids are: 
1) the code execution breakpoint opcode (OCCH), 
2) the single-step capability provided by the TF bit in 


the flag register, and 
3) the code and data breakpoint capability provided 


by the Debug Registers DRO-3,DR6, and DR7. 


31 
12 11 
0 


LINEAR ADDRESS 
V 
0 
0 
U 
U 
W 
W 0 010 
0 
C 
# 
# 
# 


PHYSICALADDRESS 
0 
0 
0 
0 
0 
0 
0 
P 
REP 
0 
0 
L 


NOTE:0indicates Intel reserved: Do not define; SEE SECTION 2.3.10 


2.12.1 
Breakpoint 
Instruction 


A single-byte-opcode breakpoint instruction is avail- 
able for use by software debuggers. The breakpoint 
opcode is OCCh,and generates an exception 3 trap 
when executed. In typical use, a debugger program 
can "plant" the breakpoint instruction at all desired 
code execution breakpoints. The single-byte break- 
point opcode is an alias for the two-byte general 
software interrupt instruction, INT n, where n=3. 
The only difference between INT 3 (OCCh)and INT n 
is that INT 3 is never IOPL-sensitive but INT n is 
IOPL-sensitive in Protected Mode and Virtual 8086 
Mode. 


2.12.2 
Single-Step 
Trap 


If the single-step flag (TF, bit 8) in the EFLAG regis- 
ter is found to be set at the end of an instruction, a 
single-step exception occurs. The single-step ex- 
ception is auto vectored to exception number 1. Pre- 
cisely, exception 1 occurs as a trap after the instruc- 
tion following the instruction which set TF. In typical 
practice, a debugger sets the TF bit of a flag register 
image on the debugger's stack. It then typically 
transfers control to the user program and loads the 
flag image with a signal instruction, the IRET instruc- 
tion. The single-step trap occurs after executing one 
instruction of the user program. 


Since the exception 1 occurs as a trap (that is, it 
occurs after the instruction has already executed), 
the CS:EIP pushed onto the debugger's stack points 
to the next unexecuted instruction of the program 
being debugged. An exception 1 handler, merely by 
ending with an IRET instruction, can therefore effi- 
ciently support single-stepping through a user pro- 
gram. 


2.12.3 
Debug Registers 


The Debug Registers are an advanced debugging 
feature of the 80386. They allow data access break- 
points as well as code execution breakpoints. Since 
the breakpoints are indicated by on-chip registers, 
an instruction execution breakpoint can be placed in 


ROM code or in code shared by several tasks, nei- 
ther of which can be supported by the INT3 break- 
point opcode. 


The 80386 contains six Debug Registers, providing 
the ability to specify up to four distinct breakpoints 
addresses, breakpoint control options, and read 
breakpoint status. Initially after reset, breakpoints 
are in the disabled state. Therefore, no breakpoints 
will occur unless the debug registers are pro- 
grammed. Breakpoints set up in the Debug Regis- 
ters are autovectored to exception number 1. 


2.12.3.1 
LINEAR 
ADDRESS 
BREAKPOINT 


REGISTERS 
(DRO-DR3) 


Up to four breakpoint addresses can be specified by 
writing into Debug Registers DRO-DR3, shown in 
Figure 2-13. The breakpoint addresses specified are 
32-bit linear addresses. 80386 hardware continuous- 
ly compares the linear breakpoint addresses in 
DRO-DR3 with the linear addresses generated by 
executing software (a linear address is the result of 
computing the effective address and adding the 32- 
bit segment base address). Note that if paging is not 
enabled the linear address equals the physical ad- 
dress. If paging is enabled, the linear address is· 
translated to a physical 32-bit address by the on- 
chip paging unit. Regardless of whether paging is 
enabled or not, however, the breakpoint registers 
hold linear addresses. 


2.12.3.2 
DEBUG 
CONTROL 
REGISTER 
(DR7) 


A Debug Control Register. DR? shown in Figure 
2-13, allows several debug control functions such as 
enabling the breakpoints and setting up other con- 
trol options for the breakpoints. The fields within the 
Debug Control Register, DR?, are as follows: 


LENi (breakpoint length specification bits) 


A 2-bit LEN field exists for each of the four break- 
points. LEN specifies the length of the associated 
breakpoint field. The choices for data breakpoints 
are: 1 byte, 2 bytes, and 4 bytes. Instruction execu- 


BREAKPOINT 0 LINEAR ADDRESS 


BREAKPOINT 1 LINEAR ADDRESS 


BREAKPOINT 2 LINEAR ADDRESS 


BREAKPOINT 3 LINEAR ADDRESS 


Intel reserved. Do not define. 


Intel reserved. Do not define. 


0 
B B B 00 o 0 o 0 o 0 o B B B B 
T S D 
3 210 


LEN I~IWI 
LEN I~IWI 
LEN IRIWI 
LEN I~IW 
0 o G 00 
OG 
L G L G L G L G L 
333222111000 
D 
E E 3 3 2 21 
100 


DRO 


DR1 


DR2 


DR3 


DR4 


DR5 


16 15 


NOTE:[I]indicates Intel reserved: Do not define; SEE SECTION 2.3.10 


Figure 2·13. Debug Registers 


tion breakpoints must have a length of 1 (LENi = 
00). Encoding of the LENi field is as follows: 


Usage of Least 


LENI 
Breakpoint 
Significant Bits In 


Encoding 
Field Width 
Breakpoint Address 
Register I, (I= 0 - 3) 


00 
1 byte 
All 32-bits used to 
specify a single-byte 
breakpoint field. 
01 
2 bytes 
A1-A31 used to 
specify a two-byte, 
word-aligned 
breakpoint field. AOin 
Breakpoint Address 
Register is not used. 
10 
Undefined- 
do not use 
this encoding 
11 
4 bytes 
A2-A31 used to 
specify a four-byte, 
dword-aligned 
breakpoint field. AO 
and A1 in Breakpoint 
Address Register are 
not used. 


The LENi field controls the size of breakpoint field i 
by controlling whether all low-order linear address 
bits in the breakpoint address register are used to 
detect the breakpoint event. Therefore, all break- 
point fields are aligned; 2-byte breakpoint fields be- 
gin on Word boundaries, and 4-byte breakpoint 
fields begin on Dword boundaries. 


The following is an example of various size break- 
point fields. Assume the breakpoint linear address in 
DR2 is 00000005H. In that situation, the following 
illustration indicates the region of the breakpoint 
field for lengths of 1, 2, or 4 bytes. 


DR2= 00000005H; 
LEN2 = OOB 


1 


31 


1 
Ibk¢ ' 
d21=_=_0 I:~~: 


DR2=00000005H; 
LEN2 = 01B 


31 
0 


I 
I 
+- bkptfld2 
-. 


I 


00000008H 


00000004H 


OOOOOOOOH 


DR2= 00000005H; 
LEN2 = 11B 


31 
0 


00000008H 


00000004H 


OOOOOOOOH 


RWi (memory access qualifier bits) 


A 2-bit RW field exists for each of the four break- 
points. The 2-bit RW field specifies the type of usage 
which must occur in order to activate the associated 
breakpoint. 


RW 
Usage 


Encoding 
Causing 
Breakpoint 


00 
Instruction execution only 


01 
Data writes only 


10 
Undefined-do 
not use this encoding 


11 
Data reads and writes only 


RW encoding 00 is used to set up an instruction 
execution breakpoint. RW encodings 01 or 11 are 
used to set up write-only or read/write data break- 
points. 


Note that Instruction 
execution 
breakpoints 
are 


taken 
as 
faults 
(Le. before the instruction exe- 


cutes), but data 
breakpoints 
are taken 
as traps 


(Le. after the data transfer takes place). 


Using LENi and RWi to Set Data Breakpoint i 


A data breakpoint can be set up by writing the linear 
address into DRi (i = 0-3). For data breakpoints, 
RWi can = 01 (write-only) or 11 (write/read). LEN 
can = 00,01, or 11. 


If a data access entirely or partly falls within the data 
breakpoint field, the data breakpoint condition has 
occurred, and if the breakpoint is enabled, an excep- 
tion 1 trap will occur. 


Using LENi and RWi to Set Instruction Execution 
Breakpoint i 


An instruction execution breakpoint can be set up by 
writing address of the beginning of the instruction 
(including prefixes if any) into DRi (i = 0-3). 
RWi 
must = 00 and LEN must = 00 for instruction exe- 
cution breakpoints. 


If the instruction beginning at the breakpoint address 
is about to be executed, the instruction execution 
breakpoint condition has occurred, and if the break- 
point is enabled, an exception 1 fault will occur be- 
fore the instruction is executed. 


Note that an instruction execution breakpoint ad- 
dress must be equal to the beginning 
byte address 


of an instruction (including prefixes) in order for the 
instruction execution breakpoint to occur. 


GO bit, when set, provides extra protection against 
any Debug Register access even in Real Mode or at 
privilege level 0 in Protected Mode. This additional 
protection feature is provided to guarantee that a 
software debugger (or ICE-386)can have full control 
over the Debug Register resources when required. 
The GO bit, when set, causes an exception 1 fault if 
an instruction attempts to read or write any Debug 
Register. The GO bit is then automatically cleared 
when the exception 1 handler is invoked, allowing 
the exception 1 handler free access to the debug 
registers. 


GE and LE (Exact data breakpoint match, global and 
local) 


If either GE or LE is set, any data breakpoint trap will 
be reported exactly after completion of the instruc- 
tion that caused the operand transfer. Exact report- 
ing is provided by forcing the 80386 execution unit to 
wait for completion of data operand transfers before 
beginning execution of the next instruction. 


If exact data breakpoint match is not selected, data 
breakpoints may not be reported until several in- 
structions later or may not be reported at all. When 
enabling a data breakpoint, it is therefore recom- 
mended to enable the exact data breakpoint match. 


When the 80386 performs a task switch, the LE bit is 
cleared. Thus, the LE bit supports fast task switching 
out of tasks, that have enabled the exact data break- 
point match for their task-local breakpoints. The LE 
bit is cleared by the processor during a task switch, 
to -avoid having exact data breakpoint match en- 
abled in the new task. Note that exact data break- 
point match must be re-enabled under software con- 
trol. 


The 80386 GE bit is unaffected during a task switch. 
The GE bit supports exact data breakpoint match 
that is to remain enabled during all tasks executing 
in the system. 


Note that Instruction 
execution 
breakpoints are al- 


ways reported exactly, whether or not exact data 
breakpoint match is selected. 


If either Gi or Li is set then the associated breakpoint 
(as defined by the linear address in DRi, the length 
in LENi and the usage criteria in RWi) is enabled. If 
either Gi or Li is set, and the 80386 detects the ith 
breakpoint condition, then the exception 1 handler is 
invoked. 


GO (Global Debug Register access detect) 
When the 80386 performs a task switch to a new 
TSS, all Li bits are cleared. Thus, the Li bits support 
The Debug Registers can only be accessed in Real 
fast task switching out of tasks that use some task- 
Mode or at privilege level 0 in Protected Mode. The 
local breakpoint registers. The Li bits are cleared by 
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the processor during a task switch, to avoid spurious 
exceptions in the new task. Note that the break- 
points must be re-enabled under software control. 


All 80386 Gi bits are unaffected during a task switch. 
The Gi bits support breakpoints that are active in all 
tasks executing in the system. 


2.12.3.3 DEBUG STATUS REGISTER (DR6) 


A Debug Status Register, DR6 shown in Figure 2-13, 
allows the exception 1 handler to easily determine 
why it was invoked. Note the exception 1 handler 
can be invoked as a result of one of several events: 
1) OROBreakpoint fault/trap. 
2) DR1 Breakpoint fault/trap. 
3) DR2 Breakpoint fault/trap. 
4) DR3 Breakpoint fault/trap. 
5) Single-step (TF) trap. 
6) Task switch trap. 
7) Fault due to attempted debug register access 


when GD=1. 


The Debug Status Register contains single-bit flags 
for each of the possible events invoking exception 1. 
Note below that some of these events are faults (ex- 
ception taken before the instruction is executed), 
while other events are traps (exception taken after 
the debug events occurred). 


The flags in DR6 are set by the hardware but never 
cleared by hardware. Exception 1 handler software 
should clear DR6 before returning to the user pro- 
gram to avoid future confusion in identifying the 
source of exception 1. 


The fields within the Debug Status Register, DR6, 
are as follows: 


Bi (debug fault/trap due to breakpoint 0-3) 


Four breakpoint indicator flags, BO-B3, correspond 
one-to-one with the breakpoint registers in DRO- 
DR3. A flag Bi is set when the condition described 
by DRi, LENi, and RWi occurs. 


If Gi or Li is set, and if the ith breakpoint is detected, 
the processor will invoke the exception 1 handler. 
The exception is handled as a fault if an instruction 
execution breakpoint occurred, or as a trap if a data 
breakpoint occurred. 


IMPORTANT NOTE: A flag Bi is set whenever the 
hardware detects a match condition on enabled 
breakpoint i. Whenever a match is detected on at 
least one enabled breakpoint i, the hardware imme- 
diately sets all Bi bits corresponding to breakpoint 
conditions matching at that instant, whether enabled 
or not. Therefore, the exception 1 handler may see 


that multiple Bi bits are set, but only set Bi bits corre- 
sponding to enabled breakpoints (Li or Gi set) are 
true indications of why the exception 1 handler was 
invoked. 


BD (debug fault due to attempted register access 
when GO bit set) 


This bit is set if the exception 1 handler was invoked 
due to an instruction attempting to read or write to 
the debug registers when GO bit was set. If such an 
event occurs, then the GO bit is automatically 
cleared when the exception 1 handler is invoked, 
allowing handler access to the debug registers. 


BS (debug trap due to single-step) 


This bit is set if the exception 1 handler was invoked 
due to the TF bit in the flag register being set (for 
single-stepping). See section 2.12.2. 


BT (debug trap due to task switch) 


This bit is set if the exception 1 handler was invoked 
due to a task switch occurring to a task having a 386 
TSS with the T bit set. (See Figure 4-15a). Note the 
task switch into the new task occurs normally, but 
before the first instruction of the task is executed, 
the exception 1 handler is invoked. With respect to 
the task switch operation, the operation is consid- 
ered to be a trap. 


2.12.3.4 USE OF RESUME FLAG (RF) IN FLAG 


REGISTER 


The Resume Flag (RF) in the flag word can sup- 
press an instruction execution breakpoint when the 
exception 1 handler returns to a user program at a 
user address which is also an instruction execution 
breakpoint. See section 2.3.3. 


When the processor is reset or powered up it is ini- 
tialized in Real Mode. Real Mode has the same base 
architecture as the 8086, but allows access to the 
32·bit register set of the 80386. The addressing 
mechanism, memory size, interrupt handling, are all 
identical to the Real Mode on the 80286. 


All of the 80386 instructions are available in Real 
Mode (except those instructions listed in 4.6.4). The 
default operand size in Real Mode is 16-bits,just like 
the 8086. In order to use the 32-bit registers and 
addressing modes, override prefixes must be used. 
In addition, the segment size on the 80386 in Real 
Mode is 64K bytes so 32-bit effective addresses 
must have a value less the OOOOFFFFH.The primary 


MAX 
LIMIT 
FIXED AT 64K 
IN 
REAL 
MODE 


purpose of Real Mode is to set up the processor for 
Protected Mode Operation. 


The LOCK prefix on the 80386, even in Real Mode, 
is more restrictive than on the 80286. This is due to 
the addition of paging on the 80386 in Protected 
Mode and Virtual 8086 Mode. Paging makes it im- 
possible to guarantee that repeated string instruc- 
tions can be LOCKed. The 80386 can't require that 
all pages holding the string be physically present in 
memory. Hence, a Page Fault (exception 14) might 
have to be taken during the repeated string instruc- 
tion. Therefore the LOCK prefix can't be supported 
during repeated string instructions. 


These are the only instruction forms where the 
LOCK prefix is legal on the 80386: 


Opcode 
Operands 
(Dest, Source) 


BIT Test and 
Mem, Reg/immed 
SET/RESET/COMPLEMENT 


XCHG 
Reg, Mem 


XCHG 
Mem, Reg 


ADD, OR, ADC, SBB, 
Mem, Reg/immed 


AND, SUB, XOR 
NOT, NEG, INC, DEC 
Mem 


An exception 6 will be generated if a LOCK prefix is 
placed before any instruction form or opcode not 
listed above. The LOCK prefix allows indivisible 
read/modify/write 
operations on memory operands 


using the instructions above. For example, even the 
ADD Reg, Mem is not LOCKable, because the Mem 
operand is not the destination (and therefore no 
memory read/modify/operation is being performed). 


Since, on the 80386, repeated string instructions are 
not LOCKable, it is not possible to LOCK the bus for 


a long period of time. Therefore, the LOCK prefix is 
not IOPL-sensitive on the 80386. The LOCK prefix 
can be used at any privilege level, but only on the 
instruction forms listed above. 


In Real Mode the maximum memory size is limited to 
1 megabyte. Thus, only address lines A2-A19 
are 


active. (Exception, the high address lines A20-A31 
are high during CS-relative memory cycles until an 
intersegment jump or call is executed (see section 
2.10». 


Since paging is not allowed in Real Mode the linear 
addresses are the same as physical addresses. 
Physical addresses are formed in Real Mode by 
adding the contents of the appropriate segment reg- 
ister which is shifted left by four bits to an effective 
address. This addition results in a physical address 
from OOOOOOOOH 
to 0010FFEFH. This is compatible 


with 80286 Real Mode. Since segment registers are 
shifted left by 4 bits this implies that Real Mode seg- 
ments always start on 16 byte boundaries. 


All segments in Real Mode are exactly 64K bytes 
long, and may be read, written, or executed. The 
80386 will generate an exception 13 if a data oper- 
and or instruction fetch occurs past the end of a 
segment. (Le. if an operand has an offset greater 
than FFFFH, for example a word with a low byte at 
FFFFH and the high byte at OOOOH) 


Segments may be overlapped in Real Mode. Thus, if 
a particular segment does not use all 64K bytes an- 
other segment can be overlayed on top of the un- 
used portion of the previous segment. This allows 
the programmer to minimize the amount of physical 
memory needed for a program. 


There are two fixed areas in memory which are re- 
served in Real address mode: system initialization 
area and the interrupt table area. Locations OOOOOH 
through 003FFH are reserved for interrupt vectors. 
Each one of the 256 possible interrupts has a 4-byte 
jump vector reserved for it. Locations FFFFFFFOH 
through FFFFFFFFH are reserved for system initiali- 
zation. 


Many of the exceptions shown in Table 2-5 and dis- 
cussed in section 2.9 are not applicable to Real 
Mode operation, in particular exceptions 10, 11, 14, 
will not happen in Real Mode. Other exceptions 
have slightly different meanings in Real Mode; Table 
3-1 identifies these exceptions. 


The HLT instruction stops program execution and 
prevents the processor from using the local bus until 
restarted. Either NMI, INTR with interrupts enabled 
(IF=1), or RESET will force the 80386 out of halt. If 
interrupted, the saved CS:IP will point to the next 
instruction after the HLT. 


Shutdown will occur when a severe error is detected 
that prevents further processing. In Real Mode, 
shutdown can occur under two conditions: 


An interrupt or an exception occur (Exceptions 8 
or 13) and the interrupt vector is larger than the 
Interrupt Descriptor Table (Le. There is not an in- 
terrupt handler for the interrupt). 


A CALL, INT or PUSH instruction attempts to wrap 
around the stack segment when SP is not even. 
(e.g. pushing a value on the stack when SP = 
0001 resulting in a stack segment greater than 
FFFFH) 


An NMI input can bring the processor out of shut- 
down if the Interrupt Descriptor Table limit is large 
enough to contain the NMI interrupt vector (at least 
0017H) and the stack has enough room to contain 
the vector and flag information (Le. SP is greater 
than 0005H). Otherwise shutdown can only be exit- 
ed via the RESET input. 


4. PROTECTED 
MODE 


ARCHITECTURE 


The complete capabilities of the 80386 are unlocked 
when the processor operates in Protected Virtual 
Address Mode (Protected Mode). Protected Mode 
vastly increases the linear address space to four gig- 
abytes (232 bytes) and allows the running of virtual 
memory programs of almost unlimited size (64 tera- 
bytes or 246 bytes). In addition Protected Mode al- 
lows the 80386 to run all of the existing 8086 and 
80286 software, while providing a sophisticated 
memory management and a hardware-assisted pro- 
tection mechanism. Protected Mode allows the use 
of additional instructions especially optimized for 
supporting multitasking operating systems. The base 
architecture of the 80386 remains the same, the reg- 
isters, instructions, and addressing modes described 
in the previous sections are retained. The main dif- 
ference between Protected Mode, and Real Mode 
from a programmer's view is the increased address 
space, and a different addressing mechanism. 


Function 
Interrupt 
Related 
Return 


Number 
Instructions 
Address 
Location 


Interrupt table limit too small 
8 
INT Vector is not 
Before 


within table limit 
Instruction 


CS, OS,ES, FS, GS 
13 
Word memory reference 
Before 
Segment overrun exception 
beyond offset = FFFFH. 
Instruction 


An attempt to execute 
past the end of CS segment. 


SS Segment overrun exception 
12 
Stack Reference 
Before 


beyond offset = FFFFH 
Instruction 


inter 


Like Real Mode, Protected Mode uses two compo- 
nents to form the logical address, a 16-bit selector is 
used to determine the linear base address of a seg- 
ment, the base address is added to a 32-bit effective 
address to form a 32-bit linear address. The linear 
address is then either used as the 32-bit physical 
address, or if paging is enabled the paging mecha- 
nism maps the 32-bit linear address into a 32-bit 
physical address. 


The difference between the two modes lies in calcu- 
lating the base address. In Protected Mode the se- 
lector is used to specify an index into an operating 


ACCESS RIGHTS 


L1~IT 


BASE ADDRESS 


system defined table (see Figure 4-1). The table 
contains the 32-bit base address of a given seg- 
ment. The physical address is formed by adding the 
base address obtained from the table to the offset. 


Paging provides an additional memory management 
mechanism which operates only in Protected Mode. 
Paging provides a means of managing the very large 
segments of the 80386. As such, paging operates 
beneath 
segmentation. 
The 
paging 
mechanism 


translates the protected linear address which comes 
from the segmentation unit into a physical address. 
Figure 4·2 shows the complete 80386 addressing 
mechanism with paging enabled. 


r 
UP TO 
4GB 


1 


80386 
PAGING 
~ECHANIS~ 


PAGE rRA~E 


ADDRESS 


inter 


Segmentation is one method of memory manage- 
ment. Segmentation provides the basis for protec- 
tion. Segments are used to encapsulate regions of 
memory which have common attributes. For exam- 
ple, all of the code of a given program could be con- 
tained in a segment, or an operating system table 
may reside in a segment. All information about a 
segment is stored in an 8 byte data structure called 
a descriptor. All of the descriptors in a system are 
contained in tables recognized by hardware. 


4.3.2 Terminology 


The following terms are used throughout the discus- 
sion of descriptors, privilege levels and protection: 


PL: Privilege Level-0ne 
of the four hierarchical 


privilege levels. Level 0 is the most privileged level 
and level 3 is the least privileged. More privileged 
levels are numerically smaller than less privileged 
levels. 


RPL: Requestor Privilege Level-The 
privilege level 


of the original supplier of the selector. RPL is deter- 
mined by the least two significant bits of a selector. 


DPL: Descriptor Privilege Level-This 
is the least 


privileged level at which a task may access that de- 
scriptor (and the segment associated with that de- 
scriptor). Descriptor Privilege Level is determined by 
bits 6:5 in the Access Right Byte of a descriptor. 


CPL: Current Privilege Level-The 
privilege level at 


which a task is currently executing, which equals the 
privilege level of the code segment being executed. 


CPL can also be determined by examining the low- 
est 2 bits of the CS register, except for conforming 
code segments. 


EPL: Effective Privilege Level-The 
effective privi- 


lege level is the least privileged of the RPL and DPL. 
Since smaller privilege level values indicate greater 
privilege, EPL is the numerical maximum of APL and 
DPL. 
- 


Task: One instance of the execution of a program. 
Tasks are also referred to as processes. 


4.3.3.1 DESCRIPTOR TABLES INTRODUCTION 


The descriptor tables define all of the segments 
which are used in an 80386 system. There are three 
types of tables on the 80386 which hold descriptors: 
the Global Descriptor Table, Local Descriptor Table, 
and the Interrupt Descriptor Table. All of the tables 
are variable length memory arrays. They can range 
in size between 8 bytes and 64K bytes. Each table 
can hold up to 8192 8 byte descriptors. The upper 
13 bits of a selector are used as an index into the 
descriptor table. The tables have registers associat- 
ed with them which hold the 32-bit linear base ad- 
dress, and the 16-bit limit of each table. 


Each of the tables has a register associated with it 
the GDTA, LDTA, and the IDTA (see Figure 4-3). 
The LGDT, LLDT, and L1DT instructions, load the 
base and limit of the Global, Local, and Interrupt De- 
scriptor Tables, respectively, into the appropriate 
register. The SGDT, SLDT, and SIDT store the base 
and limit values. These tables are manipulated by 
the operating system. Therefore, the load descriptor 
table instructions are privileged instructions. 
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Figure 4·3. Descriptor Table Registers 
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The Global Descriptor Table (GOT) contains de- 
scriptors which are possibly available to all of the 
tasks in a system. The GOT can contain any type of 
segment descriptor except for descriptors which are 
used for servicing interrupts (i.e. interrupt and trap 
descriptors). Every 386 system contains a GOT. 
Generally the GOT contains code and data seg- 
ments used by the operating systems and task state 
segments, and descriptors for the LOTs in a system. 


The first slot of the Global Descriptor Table corre- 
sponds to the null selector and is not used. The null 
selector defines a null pointer value. 


LOTs contain descriptors which are associated with 
a given task. Generally, operating systems are de- 
signed so that each task has a separate LOT. The 
LOT may contain only code, data, stack, task gate, 
and call gate descriptors. LOTs provide a mecha- 
nism for isolating a given task's code and data seg- 
ments from the rest of the operating system, while 
the GOT contains descriptors for segments which 
are common to all tasks. A segment cannot be ac- 
cessed by a task if its segment descriptor does not 
exist in either the current LOT or the GOT. This pro- 
vides both isolation and protection for a task's seg- 
ments, while still allowing global data to be shared 
among tasks. 


Unlike the 6 byte GOT or lOT registers which contain 
a base address and limit, the visible portion of the 
LOT register contains only a 16-bit selector. This se- 
lector refers to a Local Descriptor Table descriptor in 
the GOT. 


The third table needed for 80386 systems is the In- 
terrupt Descriptor Table. (See Figure 4-4.) The lOT 
contains the descriptors which point to the location 
of up to 256 interrupt service routines. The lOT may 
contain only task gates, interrupt gates, and trap 
gates. The lOT should be at least 256 bytes in size in 
order to hold the descriptors for the 32 Intel Re- 
served Interrupts. Every interrupt used by a system 
must have an entry in the lOT. The lOT entries are 
referenced via INT instructions, external interrupt 
vectors, and exceptions. (See 2.9 Interrupts). 
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Figure 4-4. Interrupt 
Descriptor 
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Use 


4.3.4 Descriptors 


4.3.4.1 DESCRIPTOR 
ATTRIBUTE 
BITS 


The object to which the segment selector points to 
is called a descriptor. Descriptors are eight byte 


o 
BYTE 
ADDRESS 
o 
SEGMENT BASE 15 ... 0 
SEGMENT LIMIT 15 ... 0 


BASE 31 . ., 24 
G 
0 
0 
0 
LIMIT 
P 
DPL 
S 
TYPE 
A 
BASE 


19 . .,16 
I 
I 
I 
23., . 16 


BASE 
BaseAddressof the segment 
LIMIT 
The lengthof the segment 
P 
PresentBit 
1= Present 
0= Not Present 


DPL 
DescriptorPrivilegeLevel0-3 


S 
SegmentDescriptor 
0= SystemDescriptor 
1=Codeor DataSegmentDescriptor 


TYPE 
Typeof Segment 
A 
AccessedBit 
G 
GranularityBit 
1= Segmentleng1his pagegranular 
0= Segmentlengthis bytegranular 


o 
DefaultOperationSize (recognizedin code segmentdescriptorsonly) 
1= 32-bil segment 
0~ 16-bitsegment 
o 
Bit mustbe zero (0)for compatibilitywith futureprocessors 


NOTE: 
In a maximum-size 
segment 
(ie. a segment 
with G = 1 and segment 
limit 19 ...0 = FFFFFH), 
the lowest 
12 bits of the 
segment 
base should 
be zero (ie. segment 
base 11...000 =OOOH). 


intJ 


quantities 
which contain 
attributes 
about a given re- 


gion of linear address 
space (i.e. a segment). 
These 


attributes 
include 
the 32-bit 
base linear 
address 
of 


the segment, 
the 20-bit length and granularity 
of the 


segment, 
the protection 
level, read, write or execute 


privileges, 
the default 
size of the operands 
(16-bit or 


32-bit), and the type of segment. 
All of the attribute 


information 
about a segment 
is contained 
in 12 bits 


in the segment 
descriptor. 
Figure 4-5 shows the gen- 


eral 
format 
of 
a descriptor. 
All 
segments 
on 
the 


80386 
have three 
attribute 
fields 
in common: 
the P 


bit, the DPL bit, and the S bit. The Present 
P bit is 1 


if the segment 
is loaded 
in physical 
memory, 
if P = 0 


then any attempt 
to access 
this segment 
causes 
a 


not present 
exception 
(exception 
11). The Descrip- 


tor Privilege 
Level DPL is a two-bit field which speci- 


fies the protection 
level 0-3 
associated 
with a seg- 


ment. 


The 
80386 
has two 
main 
categories 
·of segments 


system 
segments 
and 
non-system 
segments 
(for 


code 
and data). The segment 
S bit in the segment 


descriptor 
determines 
if a given segment 
is a system 


segment 
or a code or data segment. 
If the S bit is 1 


then the segment 
is either a code or data segment, 
if 


it is 0 then the segment 
is a system 
segment. 


4.3.4.2386 
CODE, 
DATA 
DESCRIPTORS 
(S= 
1) 


Figure 4-6 shows 
the general 
format 
of a code and 


data descriptor 
and Table 4-1 illustrates 
how the bits 
in the Access 
Rights Byte are interpreted. 


SEGMENT 
BASE 15 ... 
0 
SEGMENT 
LIMIT 15 ... 
0 


LIMIT 
ACCESS 
BASE 
BASE 31 ... 
24 
G 
0 
0 
0 
RIGHTS 
19 ... 
16 
BYTE 
23 ... 
16 


G 
Granularity Bit 
1= Segment length is page granular 
0= Segment length is byte granular 


o 
Bit must be zero (0) for compatibility with future processors 


Figure 
4-6. Segment 
Descriptors 


Table 
4-1. Access 
Rights 
Byte 
Definition 
for Code and Data Descriptions 


Bit 
Name 
Function 
Position 


7 
Present (P) 
P = 
1 
Segment 
is mapped 
into physical 
memory. 


P=O 
No mapping to physical memory exits, base and limit are 
not used. 
6-5 
Descriptor 
Privilege 
Segment 
privilege attribute 
used in privilege tests. 


Level (DPL) 


4 
Segment 
Descrip- 
S = 1 
Code or Data (includes stacks) segment 
descriptor 
tor (S) 
S=O 
System Segment 
Descriptor 
or Gate Descriptor 


3 
Executable 
(E) 
E ~ 0 
O_pto< 
typeI' _ 
•• ,mont, 
} " 
2 
Expansion 
Direc- 
ED = 0 Expand up segment, 
offsets 
must be s limit. 
Data 
tion (ED) 
ED = 1 Expand down segment, 
offsets 
must be > limit. 
Segment 
1 
Writeable 
(W) 
W = 0 
Data segment 
may not be written into. 
(S = 
1, 


W = 
1 
Data segment 
may be written into. 
E = 0) 


3 
Executable 
(E) 
E = 1 
Descriptor 
type is code segment: 


r 


2 
Conforming 
(C) 
C=1 
Code segment 
may only be executed 
Code 


when CPL ~ DPL and CPL 
Segment 


remains unchanged. 
(S = 
1, 


1 
Readable 
(R) 
R=O 
Code segment 
may not be read. 
E = 1) 


R = 1 
Code segment 
may be read. 


0 
Accessed 
(A) 
A=O 
Segment 
has not been accessed. 


A=1 
Segment 
selector 
has been loaded into segment 
register 


or used by selector 
test instructions. 


Type 
Field 
Definition 


inter 


Code 
and 
data 
segments 
have 
several 
descriptor 


fields in common. 
The accessed 
A bit is set whenev- 


er the processor 
accesses 
a descriptor. 
The A bit is 


used by operating 
systems 
to keep usage statistics 


on a given 
segment. 
The 
G bit, or granularity 
bit, 
specifies 
if a segment 
length 
is byte-granular 
or 


page-granular. 
80386 
segments 
can be one mega- 


byte long with byte granularity 
(G = 0) or four giga- 


bytes with page granularity 
(G = 1), (Le., 220 pages 


each page is 4K bytes in length). 
The granularity 
is 


totally unrelated 
to paging. A 80386 system can con- 


sist 
of 
segments 
with 
byte 
granularity, 
and 
page 


granularity, 
whether 
or not paging 
is enabled. 


The executable 
E bit tells if a segment 
is a code or 


data segment. 
A code segment 
(E = 1, S = 1) may be 


execute-only 
or execute/read 
as determined 
by the 


Read 
R bit. 
Code 
segments 
are 
execute 
only 
if 


R=O, 
and 
execute/read 
if R=1. 
Code 
segments 


may never be written 
into. 


NOTE: 


Code segments 
may be modified 
via aliases. 
Alias- 


es are writeable 
data 
segments 
which 
occupy 
the 


same 
range 
of linear 
address 
space 
as the 
code 


segment. 


The D bit indicates 
the default 
length 
for operands 


and effective 
addresses. 
If D= 1 then 
32-bit 
oper- 


ands and 32-bit addressing 
modes 
are assumed. 
If 


D = 0 then 
16-bit 
operands 
and 
16-bit 
addressing 


modes are assumed. 
Therefore 
all existing 286 code 


segments 
will execute 
on the 80386 assuming 
the D 


bit is set O. 


Another 
attribute 
of code segments 
is determined 
by 


the conforming 
C bit. Conforming 
segments, 
C= 1, 
can be executed 
and shared 
by programs 
at differ- 
ent privilege 
levels. 
(See section 
4.4 Protection.) 
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SEGMENT 
BASE 15 ... 
0 


LIMIT 
19 ... 
16 


Type 
o, 


2 
3 
4 
5 
6 
7 


Defines 


Invalid 
Available 
286 TSS 
LOT 
Busy 286 TSS 
286 Call Gate 
Task 
Gate 
(for 286 or 386 Task) 
286 
Interrupt 
Gate 
286 Trap 
Gate 


Segments 
identified 
as data segments 
(E = 0, S = 1) 


are used for two 
types 
of 80386 
segments: 
stack 


and data segments. 
The expansion 
direction 
(ED) bit 


specifies 
if a segment 
expands 
downward 
(stack) or 


upward 
(data). 
If a segment 
is a stack 
segment 
all 


offsets 
must be greater than the segment 
limit. On a 


data segment 
all offsets 
must be less than or equal 


to the limit. In other words, 
stack segments 
start at 


the base linear address 
plus the maximum 
segment 


limit and grow down to the base linear address 
plus 


the limit. On the other hand, data segments 
start at 


the base linear address 
and expand 
to the base lin- 


ear address 
plus limit. 


The write 
W bit controls 
the 
ability 
to write 
into a 


segment. 
Data segments 
are read-only 
if W = O. The 


stack segment 
must have W = 1. 


The B bit controls 
the size of the stack pointer 
regis- 


ter. If B = 1, then PUSHes, 
POPs, and CALLs all use 


the 32-bit ESP register 
for stack references 
and as- 


sume an upper 
limit of FFFFFFFFH. 
If B = 0, stack 


instructions 
all use the 
16-bit 
SP register 
and 
as- 


sume an upper limit of FFFFH. 


System 
segments 
describe 
information 
about 
oper- 


ating 
system 
tables, 
tasks, 
and 
gates. 
Figure 
4-7 


shows 
the 
general 
format 
of system 
segment 
de- 


scriptors, 
and the various types of system segments. 


80386 
system 
descriptors 
contain 
a 32-bit 
base lin- 


ear address 
and a 20-bit 
segment 
limit. 80286 
sys- 


tem descriptors 
have a 24-bit 
base address 
and a 


16-bit segment 
limit. 80286 
system 
descriptors 
are 


identified 
by the upper 
16 bits being all zero. 


BASE 
23 ... 16 


Type 
8 
9 
A 
B 
C 
D 
E 
F 


Defines 


Invalid 
Available 
386 TSS 
Undefined 
(Intel 
Reserved) 


Busy 
386 TSS 
386 Call Gate 
Undefined 
(Intel 
Reserved) 


386 Interrupt 
Gate 


386 Trap 
Gate 


4.3.4.4 LDT DESCRIPTORS 
(S=O, TYPE = 2) 


LOT descriptors (S= 0 TYPE= 2) contain informa- 
tion about Local Descriptor Tables. LOTs contain a 
table of segment descriptors, unique to a particular 
task. Since the instruction to load the LDTR is only 
available at privilege level 0, the DPL field is ignored. 
LOT descriptors are only allowed in the Global De- 
scriptor Table (GOT). 


4.3.4.5 TSS DESCRIPTORS 
(S = 0, 


TYPE = 1,3,9, 
B) 


A Task State Segment (TSS) descriptor contains in- 
formation about the location, size, and privilege level 
of a Task State Segment (TSS). A TSS in turn is a 
special fixed format segment which contains all the 
state information for a task and a linkage field to 
permit nesting tasks. The TYPE field is used to indi- 
cate whether the task is currently BUSY (Le. on a 
chain of active tasks) or the TSS is available. The 
TYPE field also indicates if the segment contains a 
286 or a 386 TSS. The Task Register (TR) contains 
the selector which points to the current Task State 
Segment. 


4.3.4.6 GATE DESCRIPTORS 
(S = 0, 


TYPE=4-7, 
C, F) 


Gates are used to control access to entry points 
within the target code segment. The various types of 


gate 
descriptors 
are 
call 
gates. 
task 
gates, 


Interrupt 
gates, and trap gates. Gates provide a 


level of indirection between the source and destina- 
tion of the control transfer. This indirection allows 
the processor to automatically perform protection 
checks. It also allows system designers to control 
entry points to the operating system. Call gates are 
used to change privilege levels (see section 4.4 
Protection), task gates are used to perform a task 
switch, and interrupt and trap gates are used to 
specify interrupt service routines. 


Figure 4-8 shows the format of the four types of gate 
descriptors. Call gates are primarily used to transfer 
program control to a more privileged level. The call 
gate descriptor consists of three fields: the access 
byte, a long pointer (selector and offset) which 
points to the start of a routine and a word count 
which specifies how many parameters are to be cop- 
ied from the caller's stack to the stack of the called 
routine. The word count field is only used by call 
gates when there is a change in the privilege level, 
other types of gates ignore the word count field. 


Interrupt and trap gates use the destination selector 
and destination offset fields of the gate descriptor as 
a pointer to the start of the interrupt or trap handler 
routines. The difference between interrupt gates and 
trap gates is that the interrupt gate disables inter- 
rupts (resets the IF bit) while the trap gate does not. 


SELECTOR 
OFFSET 15 ... 0 


WORD 
OFFSET 31 ... 16 
P 
DPL 
0 
TYPE 
0 
0 
0 
COUNT 
, 
, 
4 ... 0 


GateDescriptor Flelda 


Name 
Value 
Deacrlptlon 


Type 
4 
286 call gate 


5 
Taskgate (for 286 or 386task) 
6 
286 interruptgate 


7 
286trap gate 


C 
386 call gate 


E 
386 interruptgate 


F 
386 trap gate 


P 
0 
Descriptorcontentsare not valid 


1 
Descriptorcontentsare valid 


DPL-least privilegedlevelat whicha taskmayaccessthe gate.WORDCOUNT0-31-the 
numberof parametersto copyfromcaller'sstack 
to the calledprocedure'sstack.The parametersare 32-bitquantitiesfor 386 gates,and 16-bilquantitiesfor 286 gates. 


DESTINATION 
16-bit 
Selectorto the targetcodesegment 
SELECTOR 
selector 
or 
Selectorto the targettask state segmentfor task gate 


offset 
16·bit286 
32-bil386 


enter 


Task gates are used to switch tasks. Task gates 
may only refer to a task state segment (see section 
4.4.6 Task Switching) 
therefore only the destination 


selector portion of a task gate descriptor is used, 
and the destination offset is ignored. 


Exception 13 is generated when a destination selec- 
tor does not refer to a correct descriptor type, i.e., a 
code segment for an interrupt, trap or call gate, a 
TSS for a task gate. 


The access byte format is the same for all gate de- 
scriptors. P= 1 indicates that the gate contents are 
valid. P=0 indicates the contents are not valid and 
causes exception 11 if referenced. DPL is the de- 
scriptor privilege level and specifies when this de- 
scriptor may be used by a task (see section 4.4 
Protection). 
The S field, bit 4 of the access rights 


byte, must be 0 to indicate a system control descrip- 
tor. The type field specifies the descriptor type as 
indicated in Figure 4-8. 


4.3.4.7 DIFFERENCES 
BETWEEN 
386 AND 286 


DESCRIPTORS 


In order to provide operating system compatibility 
between the 80286 and 80386, the 386 supports all 
of the 80286 segment descriptors. Figure 4-9 shows 
the general format of an 80286 system segment de- 
scriptor. The only differences between 286 and 386 
descriptor formats are that the values of the type 
fields, and the limit and base address fields have 
been expanded for the 386. The 80286 system seg- 
ment descriptors contained a 24-bit base address 
and 16-bit limit, while the 386 system segment de- 
scriptors have a 32-bit base address, a 20-bit limit 
field, and a granularity bit. 


By supporting 80286 system segments the 80386 is 
able to execute 286 application programs on a 
80386 operating system. This is possible because 
the processor automatically understands which de- 
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SEGMENT BASE 15 ... 0 


Intel Reserved 
Set to 0 


BASE 
LIMIT 
P 


Base Address of the segment 
The length of the segment 
Present Bit 
1= Present 
0= Not Present 


scriptors are 286-style descriptors and which de- 
scriptors are 386-style descriptors. In particular, if 
the upper word of a descriptor is zero, then that de- 
scriptor is a 286-style descriptor. 


The only other differences between 286-style de- 
scriptors and 386 descriptors is the interpretation of 
the word count field of call gates and the B bit. The 
word count field specifies the number of 16-bit quan- 
tities to copy for 286 call gates and 32-bit quantities 
for 386 call gates. The B bit controls the size of 
PUSHes when using a call gate; if B=0 PUSHes are 
16 bits, if B= 1 PUSHes are 32 bits. 


A selector in Protected Mode has three fields: Local 
or Global Descriptor Table Indicator (TI), Descriptor 
Entry Index (Index), and Requestor (the selector's) 
Privilege Level (RPL) as shown in Figure 4-10. The 
TI bits select one of two memory-based tables of 
descriptors (the Global Descriptor Table or the Local 
Descriptor Table). The Index selects one of 8K de- 
scriptors in the appropriate descriptor table. The 
RPL bits allow high speed testing of the selector's 
privilege attributes. 


In addition to the selector value, every segment reg- 
ister has a segment descriptor cache register asso- 
ciated with it. Whenever a segment register's con- 
tents are changed, the 8-byte descriptor associated 
with that selector is automatically loaded (cached) 
on the chip. Once loaded, all references to that seg- 
ment use the cached descriptor information instead 
of reaccessing the descriptor. The contents of the 
descriptor cache are not visible to the programmer. 
Since descriptor caches only change when a seg- 
ment register is changed, programs which modify 
the descriptor tables must reload the appropriate 
segment registers after changing a descriptor's val- 
ue. 
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BASE 
+4 
23 ... 16 


DPL 
S 
TYPE 


Descriptor Privilege Level 0-3 
System Descriptor 
0 = System 
1= User 
Type of Segment 


TABLE 
INDICATOR 


TI=l 


6 


5 


4 
3i:!~~inM 


2 


LOCAL 
DESCRIPTOR 
TABLE 


inter 


4.3.4.10 
SEGMENT 
DESCRIPTOR 
REGISTER 


SETTINGS 


For compatiblity with the 8086 architecture, the base 
is set to sixteen times the current selector value, the 
limit is fixed at OOOOFFFFH,and the attributes are 
fixed so as to indicate the segment is present and 
fully usable. In Real Address Mode, the internal 
"privilege leve'" is always fixed to the highest level, 
level 0, so I/O and other privileged opcodes may be 
executed. 


The contents of the segment descriptor cache vary 
depending on the mode the 80386 is operating in. 
When operating in Real Address Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-11. 


32- 
BIT BASE 


(UPDATED 
DURING SELECTOR 


LOAD INTO SEGt.4ENT REGISTER) 


CONF"ORt.4ING PRIVILEGE ---------------------., 
STACK SIZE 
-------------------., 
EXECUTABLE 
------------------., 


WRITEABLE 
------------------., 


READABLE 
----------------.., 


EXPANSION 
DIRECTION ----------------1 
GRANULARITY 
1 


ACCESSED 
1 


PRIVILEGE 
LEVEL 
-------------1 


~~~~~ 
~-~-~-_-_-_-_-_-_-_-_-_-_-_-~-I~-I-!-_-_-_-t_t 
_ 


32 - BIT L1t.4IT 


(F"IXED) 


OTHER ATIRIBUTES 


(fiXED) 


CS 
16X 
CURRENT 
CS SELECTOR' 
OOOOF"F"F"F"H 
Y 
0 
Y 
B 
U 
y 
y 
y 
- 
N 


SS 
16X 
CURRENT 
SS SELECTOR 
OOOOF"F"F"F"H 
Y 
0 
Y 
B 
U 
Y 
Y 
N 
W 
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DS 
16X 
CURRENT 
DS SELECTOR 
OOOOF"F"F"F"H 
Y 
0 
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B 
U 
y 
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16X 
CURRENT 
ES SELECTOR 
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U 
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F"S 
16X 
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GS 
16X 
CURRENT 
GS SELECTOR 
OOOOF"F"F"F"H 
y 
0 
y 
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U 
Y 
Y 
N - - 


·Except 
the 
32-bit 
CS 
base 
is initialized 
to 
FFFFFOOOH 
after 
reset 
until 
first 
intersegment 
control 
transfer 
(e.g. 
intersegment 
CALL, 
or 


intersegment 
JMP. 
or INT). 
(See 
Figure 
4-13 
Example.) 
Key: 
Y 
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N 
= 
no 
o 
= privilege 
level 
0 
1 
= privilege 
level 
1 
2 
= 
privilege 
level 
2 
3 
= privilege 
level 
3 
U 
= expand 
up 


D 
= expand 
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B 
= byte granularity 


P 
= page 
granularity 
W 
= push/pop 
16-bit 
words 
F 
= push/pop 
32·bil 
dwords 
- 
= 
does 
not apply 
to that segment 
cache 
register 


Figure 4-11. Segment 
Descriptor 
Caches for Real Address 
Mode 
(Segment 
Limit and Attributes 
are Fixed) 


inter 


When operating in Protected Mode, the segment 
base, limit, and other attributes within the segment 
cache registers are defined as shown in Figure 4-12. 
In Protected Mode, each of these fields are defined 


according to the contents of the segment descriptor 
indexed by the selector value loaded into the seg- 
ment register. 


SEGMENT 


32 - BIT BASE 


(UPDATED DURING 
SELECTORLOAD INTO 
SEGMENTREGISTER) 


CONFORMINGPRIVILEGE---------------------, 
STACK SIZE 
--------------------.., 
EXECUTABLE 
------------------.., 


WRITEABLE 
-------------------, 


READABLE 
----------------..., 


. EXPANSION DIRECTION---------------...,1 


GRANULARITY 
1 


ACCESSED 
1 


PRIVILEGELEVEL 
-------------, 


:R~~E~~ 
~~S..E_-_-_-_-_-_-_-_-_-_-_-_-L1-~-I!-_-_-_-_-_-_-t +: _ _ 
_ 
__ 


DESCRIPTORCACHE REGISTERCONTENTS 


32 - BIT LIMIT 
OTHERATTRIBUTES 


(UPDATED DURING 
(UPDATED DURING 
SELECTORLOAD INTO 
SELECTORLOAD INTO 
SEGMENTREGISTER) 
SEGMENTREGISTER) 


CS 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
P 
d 
d 
d 
d 
d 
N Y - 
d 


SS 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
p 
d 
d 
d 
d r w 
N d - 
OS 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
p 
d 
d 
d 
d 
d 
d 
N - - 
ES 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
p 
d 
d 
d 
d 
d 
d 
N - - 
fS 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
P 
d 
d 
d 
d 
d 
d 
N - - 
GS 
BASE PER SEG DESCR 
LIMIT PER SEG DESCR 
p 
d 
d 
d 
d 
d 
d 
N 
- - 


Key: 
Y = fixed yes 
N = fixed no 
d = per segment descriptor 
p ~ per segment descriptor; descriptor must indicate "present" to avoid exception 11 


(exception 12 in case of 55) 
r = per segment descriptor, but descriptor must indicate "readable" to avoid exception 13 


(special case for 55) 
w = per segment descriptor, but descriptor must indicate "writable" to avoid exception 13 


(special case for S5) 
- = does not apply to that segment cache register 


inter 


When operating in a Virtual 8086 Mode within the 
Protected Mode, the segment base, limit, and other 
attributes within the segment cache registers are de- 
fined as shown in Figure 4-13. For compatibility with 
the 8086 architecture, the base is set to sixteen 
times the current selector value, the limit is fixed at 


OOOOFFFFH,and the attributes are fixed so as to 
indicate the segment is present and fully usable. The 
virtual program executes at lowest privilege level, 
level 3, to allow trapping of all IOPL-sensitive in- 
structions and level-O-onlyinstructions. 


(UPDATEDDURINGSELECTOR 
(fiXED) 
(FIXED) 


LOADINTOSEGMENTREGISTER) 


CONFORMING 
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--------------------, 
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1 
PRIVILEGELEVEL---------------j 
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t_i_____ 
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Y 
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N 
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Key: 
Y 
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N 
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level 
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level 
1 
2 
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level 
2 
3 
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level 
3 
U 
= expand 
up 
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= expand 
down 
B 
= byte granularity 
P 
= page granularity 
W 
= push/pop 
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32-bit 
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Figure 4·13. Segment 
Descriptor 
Caches for Virtual 8086 Mode within Protected 
Mode 


(segment 
Limit and Attributes 
are Fixed) 
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Figure 4·14. Four-level 
Hlerachlcal Protection 


The 80386 has four levels of protection which are 
optimized to support the needs of a multi-tasking op- 
erating system to isolate and protect user programs 
from each other and the operating system. The privi- 
lege levels control the use of privileged instructions, 
I/O instructions, and access to segments and seg- 
ment descriptors. Unlike traditional microprocessor- 
based systems where this protection is achieved 
only through the use of complex external hardware 
and software the 80386 provides the protection as 
part of its integrated Memory Management Unit. The 
80386 offers an additional type of protection on a 
page basis, when paging is enabled (See section 
4.5.3 Page level 
Protection). 


The four-level hierarchical privilege system is illus- 
trated in Figure 4-14. It is an extension of the user/ 
supervisor privilege mode commonly used by mini- 
computers and, in fact, the user/supervisor mode is 
fully supported by the 80386 paging mechanism. 
The privilege levels (PL) are numbered 0 through 3. 
Level 0 is the most privileged or trusted level. 


4.4.2 Rules of Privilege 


The 80386 controls access to both data and proce- 
dures between levels of a task, according to the fol- 
lowing rules. 
• Data stored in a segment with privilege level p can 


be accessed only by code executing at a privilege 
level at least as privileged as p. 
• A code segment/procedure with privilege level p 


can only be called by a task executing at the same 
or a lesser privilege level than p. 


At any point in time, a task on the 80386 always 
executes at one of the four privilege levels. The Cur- 
rent Privilege Level (CPL) specifies the task's privi- 
lege level. A task's CPL may only be changed by 
control transfers through gate descriptors to a code 
segment with a different privilege level. (See section 
4.4.4 Privilege level 
Transfers) Thus, an applica- 


tion program running at PL = 3 may call an operat- 
ing system routine at PL = 1 (via a gate) which 
would cause the task's CPL to be set to 1 until the 
operating system routine was finished. 


4.4.3.2 SELECTOR PRIVilEGE (RPl) 


The privilege level of a selector is specified by the 
RPL field. The RPL is the two least significant bits of 
the selector. The selector's RPL is only used to es- 
tablish a less trusted privilege level than the current 
privilege level for the use of a segment. This level is 
called the task's effective privilege level (EPL). The 
EPL is defined as being the least privileged (i.e. nu- 
merically larger) level of a task's CPL and a selec- 
tor's RPL. Thus, if selector's RPL = 0 then the CPL 
always specifies the privilege level for making an ac- 
cess using the selector. On the other hand if RPL = 
3 then a selector can only access segments at level 
3 regardless of the task's CPL. The RPL is most 
commonly used to verify that pointers passed to an 
operating system procedure do not access data that 
is of higher privilege than the procedure that origi- 
nated the pointer. Since the originator of a selector 
can specify any RPL value, the Adjust RPL (ARPL) 
instruction is provided to force the RPL bits to the 
originator's CPL. 


4.4.3.3 I/O PRIVilEGE AND I/O PERMISSION 


BITMAP 


The I/O privilege level (IOPL, a 2-bit field in the 
EFLAG register) defines the least privileged level at 
which I/O instructions can be unconditionally per- 
formed. I/O instructions can be unconditionally per- 
formed when CPL s 10PL.(The I/O instructions are 
IN, OUT, INS, OUTS, REP INS, and REP OUTS.) 
When CPL > 10PL,and the current task is associat- 
ed with a 286 TSS, attempted I/O instructions cause 
an exception 13 fault. When CPL > 10PL, and the 
current task is associated with a 386 TSS, the I/O 
Permission Bitmap (part of a 386 TSS) is consulted 
on whether I/O to the port is allowed, or an excep- 
tion 13 fault is to be generated instead. For diagrams 
of the I/O Permission Bitmap, refer to Figures 4-15a 
and 4-15b. For further information on how the I/O 
Permission Bitmap is used in Protected Mode or in 


Virtual 8086 Mode, refer to section 4.6.4 Protection 
and I/O Permission 
Bitmap. 


The I/O 
privilege 
level (IOPL) also affects 
whether 


several 
other instructions 
can be executed 
or cause 


an exception 
13 fault instead. These instructions 
are 


called 
"IOPL-sensitive" 
instructions 
and 
they 
are 


CLI and STI. (Note that the LOCK prefix is not 10PL- 
sensitive 
on the 80386.) 


The 10PL also affects 
whether 
the IF (interrupts 
en- 
able flag) bit can be changed 
by loading a value into 


the EFLAGS 
register. 
When 
CPL ~ 10PL, then the 


IF bit can be changed 
by loading 
a new value 
into 


the EFLAGS 
register. 
When CPL > 10PL, the IF bit 


cannot 
be changed 
by a new value POP'ed 
into (or 


otherwise 
loaded 
into) the EFLAGS 
register; 
the IF 


bit merely 
remains 
unchanged 
and no exception 
is 


generated. 


Instruction 
Operands 
Function 


ARPL 
Selector, 
Adjust Requested 
Privi- 


Register 
lege Level: adjusts the 
RPL of the selector 
to the 


numeric maximum 
of 


current selector 
RPL value 


and the RPL value in the 
register. Set zero flag if 
selector 
RPL was 


changed. 


VERR 
Selector 
VERify for Read: sets the 
zero flag if the segment 
referred to by the selector 
can be read. 


VERW 
Selector 
VERify for Write: sets the 
zero flag if the segment 
referred to by the selector 
can be written. 


LSL 
Register, 
Load Segment 
Limit: reads 


Selector 
the segment 
limit into the 


register if privilege 
rules 


and descriptor 
type allow. 
Set zero flag if successful. 


LAR 
Register, 
Load Access 
Rights: reads 


Selector 
the descriptor 
access 


rights byte into the register 
if privilege 
rules allow. Set 


zero flag if successful. 


The 80386 
provides 
several 
instructions 
to speed 


pointer testing 
and help maintain 
system 
integrity 
by 


verifying 
that the selector 
value 
refers to an appro- 


priate segment. 
Table 
4-2 summarizes 
the selector 


validation 
procedures 
available 
for the 80386. 


This pointer 
verification 
prevents 
the common 
prob- 


lem of an application 
at PL = 3 calling 
a operating 


systems 
routine 
at PL = 0 and passing 
the operat- 


ing system 
routine a "bad" 
pointer which corrupts 
a 


data structure 
belonging 
to the operating 
system. 
If 


the operating 
system routine uses the ARPL instruc- 


tion to ensure 
that the RPL of the selector 
has no 


greater 
privilege 
than 
that 
of the 
caller, 
then 
this 


problem 
can be avoided. 


There are basically 
two types of segment 
accesses: 


those 
involving 
code 
segments 
such 
as 
control 


transfers, 
and those involving 
data accesses. 
Deter- 


mining the ability of a task to access 
a segment 
in- 


volves 
the type of segment 
to be accessed, 
the in- 


struction 
used, the type of descriptor 
used and CPL, 


RPL, and DPL as described 
above. 


Any time an instruction 
loads data segment 
registers 


(DS, ES, FS, GS) the 80386 
makes 
protection 
vali- 


dation 
checks. 
Selectors 
loaded 
in the DS, ES, FS, 


GS registers 
must 
refer 
only 
to data 
segments 
or 


readable 
code segments. 
The data access 
rules are 


specified 
in section 
4.2.2 
Rules 
of 
Privilege. 
The 


only exception 
to those rules is readable 
conforming 


code segments 
which can be accessed 
at any privi- 


lege level. 


Finally the privilege validation 
checks are performed. 


The CPL is compared 
to the EPL and if the EPL is 


more privileged 
than the CPL an exception 
13 (gen- 


eral protection 
fault) is generated. 


The rules regarding 
the stack 
segment 
are slightly 


different 
than 
those 
involving 
data 
segments. 
In- 


structions 
that 
load selectors 
into SS must refer to 


data 
segment 
descriptors 
for 
writeable 
data 
seg- 


ments. 
The DPL and RPL must equal 
the CPL. All 


other 
descriptor 
types 
or a privilege 
level violation 


will cause 
exception 
13. A stack 
not present 
fault 


causes 
exception 
12. Note that an exception 
11 is 


used for a not-present 
code or data segment. 


Inter-segment 
control 
transfers 
occur when a selec- 


tor is loaded 
in the CS register. 
For a typical 
system 


most of these transfers 
are simply the result of a call 


Control Transfer Types 
Operation Types 
Descriptor 
Descriptor 


Referenced 
Table 


Intersegment within the Sameprivilege level 
JMP, CALL, RET, IREP 
Code Segment 
GOT/LOT 


Intersegment to the same or higher privilege level 
CALL 
Call Gate 
GOT/LOT 
Interrupt within task may change CPL 
Interrupt Instruction, 
Trap or 
lOT 


Exception, External 
Interrupt 


Interrupt 
Gate 


Intersegment to a lower privilege level 
RET,IREP 
Code Segment 
GOT/LOT 
(changes task CPL) 


CALL,JMP 
Task State 
GOT 


, 
Segment 


Task Switch 
CALL, JMP 
Task Gate 
GOT/LOT 


IREp· 
Task Gate 
lOT 


Interrupt Instruction, 
Exception, External 
Interrupt 


or a jump to another routine. There are five types of 
control transfers which are summarized in Table 4-3. 
Many of these transfers result in a privilege level 
transfer. Changing privilege levels is done only via 
control transfers, by using gates, task switches, and 
interrupt or trap gates. 


Control transfers can only occur if the operation 
which loaded the selector references the correct de- 
scriptor type. Any violation of these descriptor usage 
rules will cause an exception 13 (e.g. JMP through a 
call gate, or IRET from a normal subroutine call). 


In order to provide further system security, all control 
transfers are also subject to the privilege rules. 


The privilege rules require that: 
- 
Privilege level transitions can only occur via 
gates. 


- 
JMPs can be made to a non-conforming code 
segment with the same privilege or to a conform- 
ing code segment with greater or equal privilege. 


- 
CALLs can be made to a non-conforming code 
segment with the same privilege or via a gate to a 
more privileged level. 


- 
Interrupts handled within the task obey the same 
privilege rules as CALLs. 


- 
Conforming Code segments are accessible by 
privilege levels which are the same or less privi- 
leged than the conforming-code segment's OPL. 


- 
Both the requested privilege level (RPL) in the 
selector pointing to the gate and the task's CPL 


must be of equal or greater privilege than the 
gate's OPL. 


- 
The code segment selected in the gate must be 
the same or more privileged than the task's CPL. 


- 
Return instructions that do not switch tasks can 
only return control to a code segment with same 
or less privilege. 
- 
Task switches can be performed by a CALL, 
JMP, or INT which references either a task gate 
or task state segment who's OPL is less privi- 
leged or the same privilege as the old task's CPL. 


Any control transfer that changes CPL within a task 
causes a change of stacks as a result of the privi- 
lege level change. The initial values of SS:ESP for 
privilege levels 0, 1, and 2 are retained in the task 
state segment (see section 4.4.6 Task Switching). 
During a JMP or CALL control transfer, the new 
stack pointer is loaded into the SS and ESP regis- 
ters and the previous stack pointer is pushed onto 
the new stack. 


When RETurning to the original privilege level, use 
of the lower-privileged stack is restored as part of 
the RET or IRET instruction operation. For subrou- 
tine calls that pass parameters on the stack and 
cross privilege levels, a fixed number of words (as 
specified in the gate's word count field) are copied 
from the previous stack to the current stack. The 
inter-segment RET instruction with a stack adjust- 
ment value will correctly restore the previous stack 
pointer upon return. 


inter 
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Figure 4-15b. Sample 1/0 Permission 
Bit Map 


instruction in hardware. The 80386 task switch oper- 
ation saves the entire state of the machine (all of the 
registers, address space, and a link to the previous 
task), loads a new execution state, performs protec- 
tion checks, and commences execution in the new 
task, in about 17 microseconds. Like transfer of con- 
trol via gates, the task switch operation is invoked by 
executing an inter-segment JMP or CALL instruction 
which refers to a Task State Segment (TSS), or a 
task gate descriptor in the GOT or LOT. An INT n 
instruction, exception, trap, or ex1ernalinterrupt may 
also invoke the task switch operation if there is a 
task gate descriptor in the associated lOT descriptor 
slot. 


Gates provide protected, indirect CALLs. One of the 
major uses of gates is to provide a secure method of 
privilege transfers within a task. Since the operating 
system defines all of the gates in a system, it can 
ensure that all gates only allow entry into a few trust· 
ed procedures (such as those which allocate memo- 
ry, or perform I/O). 


Gate descriptors follow the data access rules of priv- 
ilege; that is, gates can be accessed by a task if the 
EPL, is equal to or more privileged than the gate 
descriptor's OPL. Gates follow the control transfer 
rules of privilege and therefore may only transfer 
control to a more privileged level. 


Call Gates are accessed via a CALL instruction and 
are syntactically identical to calling a normal subrou- 
tine. When an inter-level 386 call gate is activated, 
the following actions occur. 


1. Load CS:EIP from gate check for validity 
2. SS is pushed zero-ex1endedto 32 bits 
3. ESP is pushed 
4. Copy Word Count 32-bit parameters from the 


old stack to the new stack 


5. Push Return address on stack 


The procedure is identical for 286 Call gates, except 
that 16-bit parameters are copied and 16-bit regis- 
ters are pushed. 


Interrupt Gates and Trap gates work in a similar 
fashion as the call gates, except there is no copying 
of parameters. The only difference between Trap 
and Interrupt gates is that control transfers through 
an Interrupt gate disable further interrupts (i.e. the IF 
bit is set to 0), and Trap gates leave the interrupt 
status unchanged. 


A very important attribute of any multi-tasking/multi- 
user operating systems is its ability to rapidly switch 
between tasks or processes. The 80386 directly 
supports this operation by providing a task switch 


The TSS descriptor points to a segment (see Figure 
4-15) containing the entire 80386 execution state 
while a task gate descriptor contains a TSS selector. 
The 80386 supports both 286 and 386 style TSSs. 
Figure 4-16 shows a 286 TSS. The limit of a 386 
TSS must be greater than 0064H (002BH for a 286 
TSS), and can be as large as 4 Gigabytes. In the 
additional TSS space, the operating system is free 
to store additional information such as the reason 
the task is inactive, time the task has spent running, 
and open files belong to the task. 


Each task must have a TSS associated with it. The 
current TSS is identified by a special register in the 
80386 called the Task State Segment Register (TR). 
This register contains a selector referring to the task 
state segment descriptor that defines the current 
TSS. A hidden base and limit register associated 
with TR are loaded whenever TR is loaded with a 
new selector. Returning from a task is accomplished 
by the IRET instruction. When IRET is executed, 
control is returned to the task which was interrupted. 
The current executing task's state is saved in the 
TSS and the old task state is restored from its TSS. 


Several bits in the flag register and machine status 
word (CRO) give information about the state of a 
task which are useful to the operating system. The 
Nested Task (NT) (bit 14 in EFLAGS) controls the 
function of the IRET instruction. If NT = 0, the IRET 
instruction performs the regular return; when NT = 
1, IRET performs a task switch operation back to the 
previous task. The NT bit is set or reset in the follow- 
ing fashion: 
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When a CALL or INT instruction initiates a task 
switch, the new TSS will be marked busy and the 
back link field of the new TSS set to the old TSS 
selector. The NT bit of the new task is set by CALL 
or INT initiated task switches. An interrupt that does 
not cause a task switch will clear NT. (The NT bit will 
be restored after execution of the interrupt handler) 
NT may also be set or cleared by POPF or IRET 
instructions. 


The 386 task state segment is marked busy by 
changing the descriptor type field from TYPE 9H to 
TYPE BH. A 286 TSS is marked busy by changing 
the descriptor type field from TYPE 1 to TYPE 3. 
Use of a selector that references a busy task state 
segment causes an exception 13. 


The Virtual Mode (VM) bit 17 is used to indicate if a 
task, is a virtual 8086 task. If VM = 1, then the tasks 
will use the Real Mode addressing mechanism. The 
virtual 8086 environment is only entered and exited 
via a task switch (see section 4.6 Virtual Mode). 


The coprocessor's state is not automatically saved 
when a task switch occurs, because the incoming 


task 
may not use the coprocessor. 
The Task 


Switched (TS) Bit (bit 3 in the CRO)helps deal with 
the coprocessor's state in a multi-tasking environ- 
ment. Whenever the 80386 switches tasks, it sets 
the TS bit. The 80386 detects the first use of a proc- 
essor extension instruction after a task switch and 
causes the processor extension not available excep- 
tion 7. The exception handler for exception 7 may 
then decide whether to save the state of the co- 
processor. A processor extension not present ex- 
ception (7) will occur when attempting to execute an 
ESC or WAIT instruction if the Task Switched and 
Monitor coprocessor extension bits are both set (Le. 
TS = 1 and MP = 1). 


The T bit in the 386 TSS indicates that the processor 
should generate a debug exception when switching 
to a task. If T = 1 then upon entry to a new task a 
debug exception 1 will be generated. 


4.4.7 
Initialization 
and Transition 
to 


Protected 
Mode 


Since the 80386 begins executing in Real Mode im- 
mediately after RESET it is necessary to initialize the 
system tables and registers with the appropriate val- 
ues. 


The GOT and lOT registers must refer to a valid GOT 
and lOT. The lOT should be at least 256 bytes long, 
and GOT must contain descriptors for the initial 
code, and data segments. Figure 4-17 shows the 
tables and Figure 4-18 the descriptors needed for a 
simple Protected Mode 80386 system. It has a sin- 
gle code and single data/stack segment each four 
gigabytes long and a single privilege level PL = O. 


The actual method of enabling Protected Mode is to 
load CROwith the PE bit set, via the MOV CRO,R/M 
instruction. This puts the 80386 in Protected Mode. 


After enabling Protected Mode, the next instruction 
should execute an intersegment JMP to load the CS 
register and flush the instruction decode queue. The 
final step is to load all of the data segment registers 
with the initial selector values. 


An alternate approach to entering Protected Mode 
which is especially appropriate for multi-tasking op- 
erating systems, is to use the built in task-switch to 
load all of the registers. In this case the GOT would 
contain two TSS descriptors in addition to the code 
and data descriptors needed for the first task. The 
first JMP instruction in Protected Mode would jump 
to the TSS causing a task switch and loading all of 
the registers with the values stored in the TSS. The 
Task State Segment Register should be initialized to 
point to a valid TSS descriptor since a task switch 
saves the state of the current task in a task state 
segment. 
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4.4.8 
Tools for Building Protected 
Systems 


In order to simplify 
the design 
of a protected 
multi- 
tasking 
system, 
Intel 
provides 
a tool 
which 
allows 


the system designer 
an easy method of constructing 


the 
data 
structures 
needed 
for a Protected 
Mode 


80386 
system. 
This tool 
is the builder 
BLD-386™. 


BLD-386 
lets the operating 
system 
writer specify 
all 


of the segment 
descriptors 
discussed 
in the previous 


sections 
(LDTs, IDTs, GDTs, Gates, and TSSs) in a 


high-level 
language. 


Paging is another 
type of memory 
management 
use- 


ful 
for 
virtual 
memory 
multitasking 
operating 
sys- 


tems. 
Unlike 
segmentation 
which 
modularizes 
pro- 


grams 
and data into variable 
length 
segments, 
pa- 


ging divides programs into multiple uniform size 
pages. Pages bear no direct relation to the logical 
structure of a program. While segment selectors can 
be considered the logical "name" 
of a program 


module or data structure, a page most likely corre- 
sponds to only a portion of a module or data struc- 
ture. 


By taking advantage of the locality of reference dis- 
played by most programs. only a small number of 
pages from each active task need be in memory at 
anyone moment. 


The 80386 uses two levels of tables to translate the 
linear address (from the segmentation unit) into a 
physical address. There are three components to 
the paging mechanism of the 80386: the page direc- 
tory, the page tables, and the page itself (page 
frame). All memory-resident elements of the 80386 
paging mechanism are the same size, namely, 4K 
bytes. A uniform size for all of the elements simpli- 
fies memory allocation and reallocation schemes, 
since there is no problem with memory fragmenta- 
tion. Figure 4-19 shows how the paging mechanism 
works. 
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CR2 is the Page Fault Linear Address register. It 
holds the 32-bit linear address which caused the last 
page fault detected. 


CR3 is the Page Directory Physical Base Address 
Register. It contains the physical starting address of 
the Page Directory. The lower 12 bits of CR3 are 
always zero to ensure that the Page Directory is al- 
ways page aligned. Loading it via a MOV CR3, reg 
instruction causes the Page Table Entry cache to be 
flushed, as will a task switch through a TSS which 
changes the value of CRO.(See 4.5.4 Translation 
Lookaslde Buffer). 


The Page Directory is 4K bytes long and allows up to 
1024 Page Directory Entries. Each Page Directory 
Entry contains the address of the next level of ta- 
bles, the Page Tables and information about the 
page table. The contents of a Page Directory Entry 
are shown in Figure 4-20. The upper 10 bits of the 
linear address (A22-A31) are used as an index to 
select the correct Page Directory Fntry. 
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Figure 4-20. Page Directory Entry (Points to Page Table) 
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Figure 4-21. Page Table Entry (Points to Page) 


4.5.3 Page Level Protection 


(R/W, U/S Bits) 
Each Page Table is 4K bytes and holds up to 1024 
Page Table Entries. Page Table Entries contain the 
starting address of the page frame and statistical 
information about the page (see Figure 4-21). Ad- 
dress bits A12-A21 are used as an index to select 
one of the 1024 Page Table Entries. The 20 upper- 
bit page frame address is concatenated with the 
lower 12 bits of the linear address to form the physi- 
cal address. Page tables can be shared between 
tasks and swapped to disks. 


The lower 12 bits of the Page Table Entries and 
Page Directory Entries contain statistical information 
about pages and page tables respectively. The P 
(Present) bit 0 indicates if a Page Directory or Page 
Table entry can be used in address translation. If 
P = 1 the entry can be used for address translation 
if P = 0 the entry can not be used for translation, 
and all of the other bits are available for use by the 
software. For example the remaining 31 bits could 
be used to indicate where on the disk the page is 
stored. 


The A (Accessed) bit 5, is set by the 80386 for both 
types of entries before a read or write access occurs 
to an address covered by the entry. The D (Dirty) bit 
6 is set to 1 before a write to an address covered by 
that page table entry occurs. The D bit is undefined 
for Page Directory Entries. When the P, A and D bits 
are updated by the 80386, the processor generates 
a Read-Modify-Write cycle which locks the bus and 
prevents conflicts with other processors or perpheri- 
als. Software which modifies these bits should use 
the LOCK prefix to ensure the integrity of the page 
tables in multi-master systems. 


The 3 bits marked OS Reserved in Figure 4-20 and 
Figure 4·21 (bits 9-11) are software definable. ass 
are free to use these bits for whatever purpose they 
wish. An example use of the OS Reserved 
bits 


would be to store information about page aging. By 
keeping track of how long a page has been in mem- 
ory since being accessed, an operating system can 
implement a page replacement algorithm like Least 
Recently Used. 


The (User/Supervisor) U/S bit 2 and the (Read/ 
Write) R/W bit 1 are used to provide protection attri- 
butes for individual pages. 


The 80386 provides a set of protection attributes for 
paging systems. The 
paging mechanism distin- 


guishes between two levels of protection: User 
which corresponds to level 3 of the segmentation 
based protection, and supervisor which encompass- 
es all of the other protection levels (0, 1, 2). Pro- 
grams executing at Level 0, 1 or 2 bypass the page 
protection, although segmentation based protection 
is still enforced by the hardware. 


The U/S and R/W bits are used to provide Us- 
er/Supervisor and Read/Write protection for individ- 
ual pages or for all pages covered by a Page Table 
Directory Entry. The U/S and R/W bits in the first 
level Page Directory Table apply to all pages de- 
scribed by the page table pointed to by that directory 
entry. The U/S and R/W bits in the second level 
Page Table Entry apply only to the page described 
by that entry. The U/S and R/W bits for a given 
page are obtained by taking the most restrictive of 
the U/S and R/W from the Page Directory Table 
Entries and the Page Table Entries and.using these 
bits to address the page. 


Example: If the U/S and R/W bits for the Page Di- 
rectory entry were 10 and the U/S and R/W bits for 
the Page Table Entry were 01, the access rights for 
the page would be 01, the numerically smaller of the 
two. Table 4-4 shows the affect of the U/S and R/W 
bits on accessing memory. 


Table 4·4. Protection Provided by R/W and U/S 


U/S 
R/W 
Permitted 
Permitted Access 


Level 3 
Levels 0,1, or 2 


0 
0 
None 
Read/Write 


0 
1 
None 
Read/Write 


1 
0 
Read-Only 
Read/Write 


1 
1 
Read/Write 
Read/Write 


However a given segment can be easily made read- 
only for level 0, 1, or 2 via the use of segmented 
protection mechanisms. (Section 4.4 Protection). 


intJ 


4.5.4 Translation Lookaside Buffer 


The 80386 paging hardware is designed to support 
demand paged virtual memory systems. However, 
performance would degrade substantially if the proc- 
essor was required to access two levels of tables for 
every memory reference. To solve this problem, the 
80386 keeps a cache of the most recently accessed 
pages, this cache is called the Translation Looka- 
side Buffer (TLB). The TLB is a four-way set associa- 
tive 32-entry page table cache. It automatically 
keeps the most commonly used Page Table Entries 
in the processor. The 32-entry TLB coupled with a 
4K page size, results in coverage of 128K by1esof 
memory addresses. For many common multi-tasking 
systems, the TLB will have a hit rate of about 98%. 
This means that the processor will only have to ac- 
cess the two-level page structure on 2% of all mem- 
ory references. Figure 4-22 illustrates how the TLB 
complements the 80386's paging mechanism. 
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The paging hardware operates in the following fash- 
ion. The paging unit hardware receives a 32-bit lin- 
ear address from the segmentation unit. The upper 
20 linear address bits are compared with all 32 en- 
tries in the TLB to determine if there is a match. If 
there is a match (Le.a TLB hit), then the 32-bit phys- 
ical address is calculated and will be placed on the 
address bus. 


However, if the page table entry is not in the TLB, 
the 80386 will read the appropriate Page Directory 
Entry. If P = 1 on the Page Directory Entry indicat- 
ing that the page table is in memory, then the 80386 
will read the appropriate Page Table Entry and set 


the Access bit. If P = 1 on the Page Table Entry 
indicating that the page is in memory, the 80386 will 
update the Access and Dirty bits as needed and 
fetch the operand. The upper 20 bits of the linear 
address, read from the page table, will be stored in 
the TLB for future accesses. However, if P = 0 for 
either the Page'Directory Entry or the Page Table 
Entry, then the processor will generate a page fault, 
an Exception 14. 


The processor will also generate an exception 14, 
page fault, if the memory reference violated the 
page protection attributes (Le. UlS or R/W) (e.g. try- 
ing to write to a read-only page). CR2 will hold the 
linear address which caused the page fault. If a sec- 
ond page fault occurs, while the processor is at- 
tempting to enter the service routine for the first, 
then the processor will invoke the page fault (excep- 
tion 14) handler a second time, rather than the dou- 
ble fault (exception 8) handler. Since Exception 14 is 
classified as a fault, CS: EIP will point to the instruc- 
tion causing the page fault. The 16-bit error code 
pushed as part of the page fault handler will contain 
status bits which indicate the cause of the page 
fault. 


The 16-bit error code is used by the operating sys- 
tem to determine how to handle the page fault Fig- 
ure 4-23A shows the format of the page-fault error 
code and the interpretation of the bits. 


NOTE: 
Even though the bits in the error code (U/S, W/R, 
and P) have similar names as the bits in the Page 
Directory/Table Entries, the interpretation of the er- 
ror code bits is different. Figure 4-23B indicates 
what type of access caused the page fault. 
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U/S: 
The U/S bit indicates whether the access 


causing the fault occurred when the processor was 
executing in User Mode (U/S = 1) or in Supervisor 
mode (U/S = 0) 


W/R: The W/R bit indicates. whether the access 
causing the fault was a Read (W/R = 0) or a Write 
(W/R 
= 1) 


P: The P bit indicates whether a page fault was 
caused by a not-present page (P = 0), or by a page 
level protection violation (P = 1) 
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Figure 4-238. 
Type of Access 


Causing Page Fault 


4.5.6 
Operating 
System 


Responsibilities 


The 80386 takes care of the page address transla- 
tion process, relieving the burden from an operating 
system in a demand-paged system. The operating 
system is responsible for setting up the initial p~ge 
tables, and handling any page faults. The operating 
system also is required to invalidate (i.e. flush) the 
TLB when any changes are made to any of the page 
table entries. The operating system must reload 
CR3 to cause the TLB to be flushed. 


Setting up the tables is simply a matter of loading 
CR3 with the address of the Page Directory, and 
allocating space for the Page Directory and the 
Page Tables. The primary responsibility of the oper- 
ating system is to implement a swapping policy and 
handle all of the page faults. 


A final concern of the operating system is to ensure 
that the TLB cache matches the information in the 
paging tables. In particular, any time the operating 
system sets the P present bit of page table entry to 
zero, the TLB must be flushed. Operating syste~s 
may want to take advantage of the fact that CR3 IS 
stored as part of a TSS, to give every task or group 
of tasks its own set of page tables. 


4.6.1 
Executing 8086 Programs 


The 80386 allows the execution of 8086 application 
programs in both Real Mode and in the Virtual 8086 
Mode (Virtual Mode). Of the two methods, Virtual 
8086 Mode offers the system designer the most 
flexibility. The Virtual 8086 Mode allows the execu- 
tion of 8086 applications, while still allowing the sys- 
tem designer to take full advantage of the 80386 
protection mechanism. In particular, the 80386 al- 
lows the simultaneous execution of 8086 operating 
systems and its applications, and an 80386 operat- 


ing system and both 80286 and 80386 applications. 
Thus, in a multi-user 80386 computer, one person 
could be running an MS-DOS spreadsheet, another 
person using MS-DOS, and a third person could be 
running multiple Unix utilities and applications. Each 
person in this scenario would believe that he had the 
computer completely to himself. Figure 4-24 illus- 
trates this concept. 


4.6.2 
Virtual 8086 Mode Addressing 
Mechanism 


One of the major differences between 80386 Real 
and Protected modes is how the segment selectors 
are interpreted. When the processor is executing in 
Virtual 8086 Mode the segment registers are used in 
an identical fashion to Real Mode. The contents of 
the segment register is shifted left 4 bits and added 
to the offset to form the segment base IineC\rad- 
dress. 


The 80386 allows the operating system to specify 
which programs use the 8086 style address mecha- 
nism, and which programs use Protected Mode ad- 
dressing, on a per task basis. Through the use ~f 
paging, the one megabyte address space of the Vir- 
tual Mode task can be mapped to anywhere in the 4 
gigabyte linear address space ?f the 80386. ~ike 
Real Mode, Virtual Mode effective addresses (I.e., 
segment offsets) that exceed 64K byte will cause an 
exception 13. However, these restrictions should ~ot 
prove to be important, because most tasks running 
in Virtual 8086 Mode will simply be existing 8086 
application programs. 


4.6.3 
Paging In Virtual Mode 


The paging hardware allows the concurrent running 
of multiple Virtual Mode tasks, and provides protec- 
tion and operating system isolation. Although it is 
not strictly necessary to have the paging hardware 
enabled to run Virtual Mode tasks, it is needed in 
order to run multiple Virtual Mode tasks or to relo- 
cate the address space of a Virtual Mode task to 
physical address space greater than one megabyte. 


The paging hardware allows the 20-bit linear ad- 
dress produced by a Virtual Mode program to be 
divided into up to 256 pages. Each one of the pages 
can be located anywhere within the maximum 4 giga- 
byte physical address space of the 80386. In addi- 
tion, since CR3 (the Page Directory Base Register) 
is loaded by a task switch, each Virtual Mode task 
can use a different mapping scheme to map pages 
to different physical locations. Finally, the paging 
hardware allows the sharing of the 8086 operating 
system code between multiple 8086 applications. 
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Figure 4-24 shows how the 80386 paging hardware 
enables multiple 8086 programs to run under a virtu- 
al memory demand paged system. 


4.6.4 
Protection 
and I/O Permission 


Bltmap 


All Virtual 8086 Mode programs execute at privilege 
level 3, the level of least privilege. As such, Virtual 
8086 Mode programs are subject to all of the protec- 
tion checks defined in Protected Mode. (This is dif- 
ferent from Real Mode which implicitly is executing 
at privilege level 0, the level of greatest privilege.) 
Thus, an attempt to execute a privileged instruction 
when in Virtual 8086 Mode will cause an exception 
13 fault. 


The following are privileged instructions, which may 
be executed only at Privilege Level O. Therefore, at- 
tempting to execute these instructions in Virtual 
8086 Mode (or anytime CPL > 0) causes an excep- 
tion 13 fault: 


LInT; 
LGDT; 
MOV DRn,reg; 
MOV TRn, reg; 


MOV reg,DRn; 
MOV reg,TRn; 


LMSW; 
CLTS; 
HLT; 


Several instructions, particularly those applying to 
the multitasking model and protection model, are 
available only in Protected Mode. Therefore, at- 
tempting to execute the following instructions in 
Real Mode or in Virtual 8086 Mode generates an 
exception 6 fault: . 


LTR; 
LLDT; 
LAR; 
LSL; 
ARPL. 


STR; 
SLDT; 
VERR; 
VERW; 


The instructions which are IOPL-sensitive in Protect- 
ed Mode are: 


IN; 
STI; 
OUT; 
CLI 
INS; 
OUTS; 
REP 
INS; 


REP 
OUTS; 
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In Virtual 8086 Mode, a slightly different set of in- 
structions are made 10PL-sensitive.The following in- 
structions are 10PL-sensitive in Virtual &086 Mode: 
INT n; 
STI; 
PUSHF; 
eLl; 
POPF; 
IRET 


The PUSHF, POPF,and IRET instructions are 10PL- 
sensitive in Virtual 8086 Mode only. This provision 
allows the IF flag (interrupt enable flag) to be virtual- 
ized to the Virtual 8086 Mode program. The INT n 
software interrupt instruction is also 10PL-sensitive 
in Virtual 8086 Mode. Note, however, that the INT 3 
(opcode OCCH),INTO, and BOUND instructions are 
not 10PL-sensitive in Virtual 8086 mode (they aren't 
.IOPL sensitive in Protected Mode either). 


Note that the I/O instructions (IN, OUT, INS, OUTS, 
REP INS, and REP OUTS) are not 10PL-sensitive in 
Virtual 8086 mode. Rather, the I/O instructions be- 
come automatically sensitive to the 110 Permission 
Bltmap contained in the 386 Task State Segment. 
The I/O Permission Bitmap, automatically used by 
the 80386 in Virtual 8086 Mode, is illustrated by Fig- 
ures 4.15a and 4-15b. 


The I/O Permission Bitmap can be viewed as a 0- 
64 Kbit bit string, which begins in memory at offset 
BiLMap_Offset 
in the current TSS. BiLMap_ 


Offset must be S; DFFFH so the entire bit map and 
the byte FFH which follows the bit map are all at 
offsets 
S; FFFFH from the TSS base. The 16-bit 


pointer BiLMap_Offset 
(15:0) is found in the word 


beginning at offset 66H (102 decimal) from the TSS 
base, as shown in Figure 4-15a. 


Each bit in the I/O Permission Bitmap corresponds 
to a single byte-wide I/O port, as illustrated in Figure 
4-15a. If a bit is 0, I/O to the corresponding byte- 
wide port can occur without generating an excep- 
tion. Othe.rwisethe I/O instruction causes an excep- 
tion 13 fault. Since every byte-wide I/O port must be 
protectable, all bits corresponding to a word-wide or 
dword-wide port must be 0 for the word-wide or 
dword-wide I/O to be permitted. If all the referenced 
bits are 0, the I/O will be allowed. If any referenced 
bits are 1, the attempted I/O will cause an exception 
13 fault. 


Due to the use of a pointer to the base of the I/O 
Permission Bitmap, the bitmap may be located any- 
where within the TSS, or may be ignored completely 
by pointing the BiLMap_Offset 
(15:0) beyond the 


limit of the TSS segment. In the same manner, only 
a small portion of the 64K I/O space need have an 
associated map bit, by adjusting the TSS limit to 
truncate the bitmap. This eliminates the commitment 
of 8K of memory when a complete bitmap is not 
required, while allowing the fully general case if de- 
sired. 


EXAMPLE OF BITMAP FOR I/O PORTS 0-255: 
Setting the TSS limit to {biLMap_Offset 
+ 31 


+ 1"l 
[" 
see note below] will allow a 32-byte bit- 


map for the I/O ports #0-255, 
plus a terminator 


byte of all 1's [" 
see note below]. This allows the 


I/O bitmap to control I/O Permission to I/O port 0- 
255 while causing an exception 13 fault on attempt- 
ed I/O to any I/O port 256 through 65,565. 


"IMPORTANT 
IMPLEMENTATION 
NOTE: Beyond 


the last byte of I/O mapping information in the I/O 
Permission Bitmap must be a byte containing all 1's. 
The byte of all 1's must be within the limit of the 386 
TSS segment (see Figure 4-15a). 


4.6.5 
Interrupt 
Handling 


In order to fully support the emulation of an 8086 
machine, interrupts in Virtual 8086 Mode are han- 
dled in a unique fashion. When running in Virtual 
Mode all interrupts and exceptions involve a privi- 
lege change back to the host 80386 operating sys- 
tem. The 80386 operating system determines if the 
interrupt comes from a Protected Mode application 
or from a Virtual Mode program by examining the 
VM bit in the EFLAGS image stored on the stack. 


When a Virtual Mode program is interrupted and ex- 
ecution passes to the interrupt routine at level 0, the 
VM bit is cleared. However, the VM bit is still set in 
the EFLAG image on the stack. 


The 80386 operating system in turn handles the ex- 
ception or interrupt and then returns control to the 
8086 program. The 80386 operating system may 
choose to let the 8086 operating system handle the 
interrupt or it may emulate the function of the inter- 
rupt handler. For example, many 8086 operating 
system calls are accessed by PUSHing parameters 
on the stack, and then executing an INT n instruc- 
tion. If the 10PLis set to 0 then alllNT n instructions 
will be intercepted by the 80386 operating system. 
The 80386 operating system could emulate the 
8086 operating system's call. Figure 4-25 shows 
how the 80386 operating system could intercept an 
8086 operating system's call to "Open a File". 


An 80386 operating system can provide a Virtual 
8086 Environment which is totally transparent to the 
application software via intercepting and then emu- 
lating 8086 operating system's calls, and intercept· 
ing IN and OUT instructions. 


4.6.6 
Entering and Leaving Virtual 
8086 Mode 


Virtual 8086 mode is entered by executing an IRET 
instruction (at CPL=0), or Task Switch (at any CPL) 
to a 386 task whose 386 TSS has a FLAGS image 
containing a 1 in the VM bit position while the proc- 


essor is executing in Protected Mode. That is, one 
way to enter Virtual 8086 mode is to switch to a task 
with a 386 TSS that has a 1 in the VM bit in the 
EFLAGS image. The other way is to execute a 32-bit 
IRET instruction at privilege level 0, where the stack 
has a 1 in the VM bit in the EFLAGS image. POPF 
does not affect the VM bit, even if the processor is in 
Protected Mode or level 0, and so cannot be used to 
enter Virtual 8086 Mode. PUSHF always pushes a 0 
in the VM bit, even if the processor is in Virtual 8086 
Mode, so that a program cannot tell if it is executing 
in REAL mode, or in Virtual 8086 mode. 


The VM bit can be set by executing an IRET instruc- 
tion only at privilege level 0, or by any instruction or 
Interrupt which causes a task switch in Protected 
Mode (with VM = 1 in the new FLAGS image), and 
can be cleared only by an interrupt or exception in 
Virtual 8086 Mode. IRET and POPF instructions exe- 
cuted in REAL mode or Virtual 8086 mode will not 
change the value in the VM bit. 


The transition out of virtual 8086 mode to 386 pro- 
tected mode occurs only on receipt of an interrupt or 
exception (such as due to a sensitive instruction). In 
Virtual 8086 mode, all interrupts and exceptions vec- 
tor through the protected mode lOT, and enter an 
interrupt handler in protected 386 mode. That is, as 
part of interrupt processing, the VM bit is cleared. 


Because the matching IRET must occur from level 0, 
if an Interrupt or Trap Gate is used to field an inter- 
rupt or exception out of Virtual 8086 mode, the Gate 
must perform an inter-level interrupt only to level O. 
Interrupt or Trap Gates through conforming seg- 
ments, or through segments with OPL>O, will raise a 
GP fault with the CS selector as the error code. 


4.6.6.1 TASK 
SWITCHES 
TO/FROM 
VIRTUAL 


8086 
MODE 


Tasks which can execute in virtual 8086 mode must 
be described by a TSS with the new 386 format 
(TYPE 9 or 11 descriptor). 


A task switch out of virtual 8086 mode will operate 
exactly the same as any other task switch out of a 
task with a 386 TSS. All of the programmer visible 
state, including the FLAGS register with the VM bit 
set to 1, is stored in the TSS. The segment registers 
in the TSS will contain 8086 segment base values 
rather than selectors. 


A task switch into a task described by a 386 TSS will 
have an additional check to determine if the incom- 
ing task should be resumed in virtual 8086 mode. 
Tasks described by 286 format TSSs cannot be re- 
sumed in virtual 8086 mode, so no check is required 
there (the FLAGS image in 286 format TSS has only 
the low order 16 FLAGS bits). Before loading the 
segment register images from a 386 TSS, the 
FLAGS image is loaded, so that the segment 


registers are loaded from the TSS image as 8086 
segment base values. The task is now ready to re- 
sume in virtual 8086 execution mode. 


4.6.6.2 TRANSITIONS 
THROUGH 
TRAP 
AND 


INTERRUPT 
GATES, 
AND IRET 


A task switch is one way to enter or exit virtual 8086 
mode. The other method is to exit through a Trap or 
Interrupt gate, as part of handling an interrupt, and 
to enter as part of executing an IRET instruction. 
The transition out must use a 386 Trap Gate (Type 
14), or 386 Interrupt Gate (Type 15), which must 
point to a non-conforming level 0 segment (OPL= 0) 
in order to permit the trap handler to IRET back to 
the Virtual 8086 program. The Gate must point to a 
non-conforming level 0 segment to perform a level 
switch to level 0 so that the matching IRET can 
change the VM bit. 386 gates must be used, since 
286 gates save only the low 16 bits of the FLAGS 
register, so that the VM bit will not be saved on tran- 
sitions through the 286 gates. Also, the 16-bit IRET 
(presumably) used to terminate the 286 interrupt 
handler will pop only the lower 16 bits from FLAGS, 
and will not affect the VM bit. The action taken for a 
386 Trap or Interrupt gate if an interrupt occurs while 
the task is executing in virtual 8086 mode is given by 
the following sequence. 
(1) Save the FLAGS register in a temp to push later. 


Turn off the VM and TF bits, and if the interrupt is 
serviced by an Interrupt Gate, turn off IF also. 


(2) Interrupt and Trap gates l11.ustperform a level 


switch from 3 (where the VM86 program exe- 
cutes) to level 0 (so IRET can return). This pro- 
cess involves a stack switch to the stack given in 
the TSS for privilege level O. Save the Virtual 
8086 Mode SS and ESP registers to push in a 
later step. The segment register load of SS will 
be done as a Protected Mode segment load, 
since the VM bit was turned off above. 


(3) Push the 8086 segment register values onto the 


new stack, in the order: GS, FS, OS, ES. These 
are pushed as 32-bit quantities, with undefined 
values in the upper 16 bits. Then load these 4 
registers with null selectors (0). 


(4) Push the old 8086 stack pointer onto the new 


stack by pushing the SS register (as 32-bits, high 
bits undefined), then pushing the 32-bit ESP reg- 
ister saved above. 


(5) Push the 32-bit FLAGS register saved in step 1. 
(6) Push the old 8086 instruction pointer onto the 


new stack by pushing the CS register (as 32-bits, 
high bits undefined), then pushing the 32-bit EIP 
register. 
. 


(7) Load up the new CS:EIP value from the interrupt 


gate, and begin execution of the interrupt routine 
in protected 386 mode. 


The transition out of virtual 8086 mode performs a 
level change and stack switch, in addition to chang- 


8086 
Application 
makes 
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File Call" 
-+ 
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# 2) 
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file returns 
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to 8086 
OS (Arrow 
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to application. 
(Arrow 
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to Application 


ing back to protected mode. In addition, all of the 
8086 segment register images are stored on the 
stack (behind the SS:ESP image), and then loaded 
with null (0) selectors before entering the interrupt 
handler. This will permit the handler to safely save 
and restore the OS, ES, FS, and GS registers as 286 
selectors. This is needed so that interrupt handlers 
which don't care about the mode of the interrupted 
program can use the same prolog and epilog code 
for state saving (Le. push all registers in prolog, pop 
all in epilog) regardless of whether or not a "native" 
mode or Virtual 8086 mode program was interrupt- 
ed. Restoring null selectors to these registers before 
executing the IRET will not cause a trap in the inter- 
rupt handler. Interrupt routines which expect values 
in the segment registers, or return values in segment 
registers will have to obtain/return values from the 
8086 register images pushed onto the new stack. 
They will need to know the mode of the interrupted 
program in order to know where to find/return seg- 
ment registers, and also to know how to interpret 
segment register values. 


The IRET instruction will perform the inverse of the 
above sequence. Only the extended 386 IRET in- 
struction (operand size= 32) can be used, and must 
be executed at level 0 to change the VM bit to 1. 
(1) If the NT bit in the FLAGs register is on, an inter- 


task return is performed. The current state is 
stored in the current TSS, and the link field in the 
current TSS is used to locate the TSS for the 
interrupted task which is to be resumed. 
Otherwise, continue with the following sequence. 


(2) Read the FLAGS image from SS:8[ESP] into the 


FLAGS register. This will set VM to the value ac- 
tive in the interrupted routine. 


(3) Pop off the instruction pointer CS:EIP. EIP is 


popped first, then a 32-bit word is popped which 
contains the CS value in the lower 16 bits. If 
VM= 0, this CS load is done as a protected 
mode segment load. If VM= 1, this will be done 
as an 8086 segment load. 
(4) Increment the ESP register by 4 to bypass the 


FLAGS image which was "popped" in step 1. 


(5) If VM = 1, load segment registers ES, OS, FS, 


and GS from memory locations SS:[ESP+ 8], 
SS:[ESP+ 12], 
SS:[ESP+ 16], 
and 


SS:[ESP+ 20], respectively, where the new val- 
ue of ESP stored in step 4 is used. Since VM = 1, 
these are done as 8086 segment register loads. 
Else if VM= 0, check that the selectors in ES, 
OS, FS, and GS are valid in the interrupted rou- 
tine. Null out invalid selectors to trap if an at- 
tempt is made to access through them. 


(6) If (RPL(CS) > CPL), pop the stack pointer 


SS:ESP from the stack. The ESP register is 
popped first, followed by 32-bits containing SS in 
the lower 16 bits. If VM =0, SS is loaded as a 
protected mode segment register load. If VM= 1, 
an 8086 segment register load is used. 


(7) Resume execution of the interrupted routine. The 


VM bit in the FLAGS register (restored from the 
interrupt routine's stack image in step 1) deter- 
mines whether the processor resumes the inter- 
rupted routine in Protected mode of Virtual 8086 
mode. 


inter 


The 80386 features a straightforward functional in- 
terface to the external hardware. The 80386 has 
separate, parallel buses for data and address. The 
data bus is 32-bits in width, and bidirectional. The 
address bus outputs 32-bit address values in the 
most directly usable form for the high-speed local 
bus: 4 individual byte enable signals, and the 30 up- 
per-order bits as a binary value. The data and ad- 
dress buses are interpreted and controlled with their 
associated control signals. 


A dynamic data bus sizing feature allows the proc- 
essor to handle a mix of 32- and 16-bit external bus- 
es on a cycle-by-cycle basis (see 5.3.4 Data Bus 
Sizing). If 16-bit bus size is selected, the 80386 au- 
tomatically makes any adjustment needed, even 
performing another 16-bit bus cycle to complete the 
transfer if that is necessary. 8-bit peripheral devices 
may be connected to 32·bit or 16-bit buses with no 
loss of performance. A new address plpellnlng op- 
tion is provided and applies to 32-bit and 16-bit bus- 
es for substantially improved memory utilization, es- 
pecially for the most heavily used memory resourc- 
es. 


The address plpellnlng option, when selected, typ- 
ically allows a given memory interface to operate 
with one less wait state than would otherwise be 
required (see 5.4.2 Address Plpellnlng). The pipe- 
lined bus is also well s,uitedto interleaved memory 
designs. For 16 MHz interleaved memory designs 
with 100 ns access time DRAMs, zero wait states 
can be achieved when pipelined addressing is se- 
lected. When address pipelining is requested by the 
external hardware, the 80386 will output the address 
and bus cycle definition of the next bus cycle (if it is 
internally available) even while waiting for the cur- 
rent cycle to be acknowledged. 


Non-pipelined address timing, however, is ideal for 
external cache designs, since the cache memory will 
typically be fast enough to allow non-pipelined cy- 
cles. For maximum design flexibility, the address 
pipelining option is selectable on a cycle-by-cycle 
basis. 


The processor's bus cycle is the basic mechanism 
for information transfer, either from system to proc- 
essor, or from processor to system. 80386 bus cy- 
cles perform data transfer in a minimum of only two 
clock periods. On a 32-bit data bus, the maximum 
80386 transfer bandwidth at 16 MHz is therefore 
32 
Mbyteslsec 
and 
at 
20 
MHz bandwidth 
is 


40 MBytes/sec. Any bus cycle will be extended for 
more than two clock periods, however, if external 
hardware withholds acknowledgement of the cycle. 


At the appropriate time, acknowledgement is sig- 
nalled by asserting the 80386 READY# input. 


The 80386 can relinquish control of its local buses 
to allow mastership by other devices, such as direct 
memory access channels. When relinquished, HLDA 
is the only output pin driven by the 80386, providing 
near-complete isolation of the processor from its 
system. The near-complete isolation characteristic is 
ideal when driving the system from test equipment, 
and in fault-tolerant applications. 


Functional data covered in this chapter describes 
the processor's hardware interface. First, the set of 
signals available at the processor pins is described 
(see 5.2 Signal Description). 
Following that are the 


signal waveforms occurring during bus cycles (see 
5.3 Bus Transfer Mechanism, 5.4 Bus Functional 
Description 
and 5.5 Other Functional 
Descrip- 


tions). 


Ahead is a brief description of the 80386 input and 
output signals arranged by functional groups. Note 
the # symbol at the end of a signal name indicates 
the active, or asserted, state occurs when the signal 
is at a low voltage. When no # is present after the 
signal name, the signal is asserted when at the high 
voltage level. 


Example signal: MilOI' 
- 
High voltage indicates 
Memory selected 


- 
Low 
voltage 
indicates 


liD selected 


The signal descriptions sometimes refer to AC tim- 
ing parameters, such as "t25 Reset Setup TIme" and 
"t26 Reset Hold Time." The values of these parame- 
ters can be found in Tables 7-4 and 7-5. 


CLK2 provides the fundamental 
timing for 
the 


80386. It is divided by two internally to generate the 
internal processor clock used for instruction execu- 
tion. The internal clock is comprised of two phases, 
"phase one" and "phase two." Each CLK2 period is 
a phase of the internal clock. Figure 5-2 illustrates 
the relationship. If desired, the phase of the internal 
processor clock can be synchronized to a known 
phase by ensuring the RESET signal falling edge 
meets its applicable setup and hold times, t25 and 
t26· 
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These three-state bidirectional signals provide the 
general purpose data path between the 80386 and 
other devices. Data bus inputs and outputs indicate 
"1" when HIGH. The data bus can transfer data on 
32- and 16-bit buses using a data bus sizing feature 
controlled by the 8S16# 
input. See section 5.2.6 


Bus Conto!. 
Data bus reads require that read data 


setup and hold times t21 and t22 be met for correct 
operation. During any write operation (and during 
halt cycles and shutdown cycles), the B03B6always 
drives all 32 signals of the data bus even if the cur- 
rent bus size is 16-bits. 


5.2.4 
Address Bus (BEO# through 
BE3#, 
A2 through A31) 


These three-state outputs provide physical memory 
addresses or I/O port addresses. The address bus 
is capable of addressing 4 gigabytes of physical 
memory space (OOOOOOOOH 
through FFFFFFFFH), 


and 64 kilobytes of I/O address space (OOOOOOOOH 
through 
OOOOFFFFH)for 
programmed 
I/O. 
I/O 


transfers automatically generated for B03B6-to-co- 
processor 
communication 
use 
I/O 
addresses 


BOOOOOFBH 
through BOOOOOFFH,so A31 HIGH in 


conjunction with M/lO# 
LOW allows simple genera- 


tion of the coprocessor select signal. 


inter 


The Byte Enable outputs, BEO# -BE3 #, directly in- 
dicate which bytes of the 32-bit data bus are in- 
volved with the current transfer. This is most conve- 
nient for external hardware. 


BEO# applies to 00-07 
BE1# applies to 08-015 
BE2# applies to 016-023 
BE3# applies to 024-031 


The number of Byte Enables asserted indicates the 
physical size of the operand being transferred (1, 2, 
3, or 4 bytes). Refer to section 5.3.6 Operand Align- 
ment. 


When a memory write cycle or 1/0 write cycle is in 
progress, and the operand being transferred occu- 
pies only the upper 16 bits of the data bus (016- 
031), duplicate data is simultaneously presented on 
the corresponding lower 16-bits of the data bus 
(00-015). 
This duplication is performed for optimum 


write performance on 16-bit buses. The pattern of 
write data duplication is a function of the Byte En- 
ables asserted during the write cycle. Table 5-1 lists 
the write data present on 00-031, 
as a function of 
the asserted Byte Enable outputs BEO#-BE3#. 


5.2.5 Bus Cycle Definition Signals 


(W/R#, D/C#, M/IO#, LOCK#) 


These three-state outputs define the type of bus cy- 
cle being performed. W/R# 
distinguishes between 


write and read cycles. O/C# 
distinguishes between 


data and control cycles. M/IO# 
distinguishes be- 


tween 
memory and 
1/0 
cycles. LOCK# 
distin- 


guishes between locked and unlocked bus cycles. 


The primary bus cycle definition signals are W/R#, 
O/C# 
and M/IO#, 
since these are the signals driv- 


en valid as the AOS# (Address Status output) is 
driven asserted. The LOCK# is driven valid at the 
same time as the first locked bus cycle begins, 
which due to address pipelining, could be later than 
ADS# is driven asserted. See 5.4.3.4 Plpellned Ad- 
dress. The LOCK# is negated when the REAOY# 
input terminates the last bus cycle which was 
locked. 


Exact bus cycle definitions, as a function of WI R# , 
O/C#, 
and MIIIO#, 
are given in Table 5-2. Note 


one combination of W/R#, 
O/C# 
and M/IO# 
is 


never given when AOS# is asserted (however, that 
combination, which is listed as "does not occur," will 
occur during Idle bus states when ADS# is not as- 
serted). If M/IO#, 
O/C#, 
and W/R# 
are qualified 


by AOS# asserted, then a decoding scheme may 
use the non-occurring combination to its best advan- 
tage. 


Table 5-1. Write Data Duplication as a Function of BEO# - BE3# 


80386 Byte Enables 
80386 Write Data 
Automatic 


BE3# 
BE2# 
BEH 
BEO# 
024-031 
016-023 
08-015 
00-07 
Duplication? 


High 
High 
High 
Low 
undef 
undef 
undef 
A 
No 
High 
High 
Low 
High 
undef 
undef 
B 
undef 
No 
High 
Low 
High 
High 
undef 
C 
undef 
C 
Yes 
Low 
High 
High 
High 
0 
undef 
0 
undef 
Yes 


High 
High 
Low 
Low 
undef 
undef 
B 
A 
No 
High 
Low 
Low 
High 
undef 
C 
B 
undef 
No 
Low 
Low 
High 
High 
D 
C 
D 
C 
Yes 


High 
Low 
Low 
Low 
undef 
C 
B 
A 
No 
Low 
Low 
Low 
High 
D 
C 
B 
undef 
No 


Low 
Low 
Low 
Low 
D 
C 
B 
A 
No 


Key: 
D = logical write data d24-d31 
C = logical write data d16-d23 
B = logical write data d8-d15 
A = logical write data dO-d7 


M/IO# 
D/C# 
W/R# 
Bus Cycle Type 
Locked? 


Low 
Low 
Low 
INTERRUPTACKNOWLEDGE 
Yes 


Low 
Low 
High 
does not occur 


Low 
High 
Low 
I/O DATA READ 
No 


Low 
High 
High 
I/O DATA WRITE 
No 


High 
Low 
Low 
MEMORY CODE READ 
No 


High 
Low 
High 
HALT: 
SHUTDOWN: 
No 


Address = 2 
Address = 0 


(BEO# High 
(BEO# Low 
BE1# High 
BE1# High 
BE2# Low 
BEU 
High 
BE3# High 
BE3# High 
A2-A31 Low) 
A2-A31 Low) 


High 
High 
Low 
MEMORY DATA READ 
Some Cycles 


High 
High 
High 
MEMORY DATA WRITE 
Some Cycles 


5.2.6.1 INTRODUCTION 


The following signals allow the processor to indicate 
when a bus cycle has begun, and allow other system 
hardware to control address pipelining, data bus 
width and bus cycle termination. 


5.2.6.2 ADDRESS STATUS (ADS#) 


This three-state output indicates that a valid bus cy- 
cle definition, and address (W/R#, 
D/C#, 
M/lO#, 
BEO#-BE3#, 
and A2-A31) 
is being driven at the 


80386 pins. It is asserted during T1 and T2P bus 
states (see 5.4.3.2 Non-plpellned 
Address 
and 


5.4.3.4 Plpellned Address for additional information 
on bus states). 


5.2.6.3 TRANSFER ACKNOWLEDGE (READY #) 


This input indicates the current bus cycle is com- 
plete, and the active bytes indicated by BEO#- 
BE3# and BS16# are accepted or provided. When 
READY# is sampled asserted during a read cycle or 
interrupt acknowledge cycle, the 80386 latches the 
input data and terminates the cycle. When READY# 
is sampled asserted during a write cycle, the proces- 
sor terminates the bus cycle. 


READY# is ignored on the first bus state of all bus 
cycles, and sampled each bus state thereafter until 
asserted. READY# must eventually be asserted to 
acknowledge every bus cycle, including Halt Indica- 
tion and Shutdown Indication bus cycles. When be- 


ing sampled, READY must always mee~setup and 
hold times t19 and t20 for correct operation. See all 
sections of 5.4 Bus Functional Description. 


5.2.6.4 NEXT ADDRESS REQUEST (NA #) 


This is used to request address pipelining. This input 
indicates the system is prepared to accept new val- 
ues of BEO#-BE3#, 
A2-A31, W/R#, 
D/C# 
and 


M/lO# from the 80386 even if the end of the current 
cycle is not being acknowledged on READY#. If th~s 
input is asserted when-sampled, the next address !S 
driven onto the bus, provided the next bus request IS 
already pending internally. See 5.4.2 Address Pipe- 
lining and 5.4.3 Read and Write Cycles. 


5.2.6.5 BUS SIZE 16 (BS16#) 


The BS16# feature allows the 80386 to directly con- 
nect to 32-bit and 16-bit data buses. Asserting this 
input constrains the current bus cycle to use only the 
lower-order half (00-015) 
of the data bus, corre- 
sponding to BEO# and BE1#. Asserting BS16# has 
no additional effect if only BEO# and/or BE1# are 
asserted in the current cycle. However, during bus 
cycles asserting BE2# or BE3#, asserting BS~6# 
will automatically cause the 80386 to make adJust- 
ments for correct transfer of the upper bytes(s) using 
only physical data signals 00-015. 


If the operand spans both halves of the data bus 
and BS16# is asserted, the 80386 will automatically 
perform another 16-bit bus cycle. BS16# must al- 
ways meet setup and hold times tl7 and t18 for cor- 
rect operation. 


80386 I/O cycles are automatically generated for 
coprocessor communication. Since the 80386 must 
transfer 32·bit quantities between itself and the 
80387, BS16# must not be asserted during 80387 
communication cycles. 


This section describes the mechanism by which the 
processor relinquishes control of its local buses 
when requested by another bus master device. See 
5.5.1 Entering and Exiting Hold Acknowledge 
for 


additional information. 


This input indicates some device other than the 
80386 requires bus mastership. 


HOLD must remain asserted as long as any other 
device is a local bus master. HOLD is not recognized 
while RESET is asserted. If RESET is asserted while 
HOLD is asserted, RESET has priority and places 
the bus into an idle state, rather than the hold ac- 
knowledge (high impedance) state. 


HOLD is level-sensitive and is a synchronous input. 
HOLD signals must always meet setup and hold 
times t23 and t24 for correct operation. 


5.2.7.3 BUS HOLD ACKNOWLEDGE (HLDA) 


Assertion of this output indicates the 80386 has re- 
linquished control of its local bus in response to 
HOLD asserted, and is in the bus Hold Acknowledge 
state. 


The Hold Acknowledge state offers near-complete 
signal isolation. In the Hold Acknowledge state, 
HLDA is the only signal being driven by the 80386. 
The other output signals or bidirectional signals 
(00-031, 
BEO#-BE3#, 
A2-A31, 
W/R#, 
D/C#, 


M/IO#, 
LOCK# and ADS#) are in a high-imped- 


ance state so the requesting bus master may control 
them. Pullup resistors may be desired on several sig- 
nals to avoid spurious activity when no bus master is 
driving them. See 7.2.3 Resistor 
Recommenda- 


tions. Also, one rising edge occuring on the NMI 
input during Hold Acknowledge is remembered, for 
processing after the HOLD input is negated. 


In addition to the normal usage of Hold Acknowl- 
edge with DMA controllers or master peripherals, 


the near-complete isolation has particular attractive- 
ness during system test when test equipment drives 
the system, and in hardware-fault-tolerant applica- 
tions. 


In the following sections are descriptions of signals 
dedicated to the numeric coprocessor interface. In 
addition to the data bus, address bus, and bus cycle 
definition signals, these following signals control 
communication between the 80386 and its 80387 
processor extension. 


5.2.8.2 COPROCESSOR REQUEST (PEREQ) 


When asserted, this input signal indicates a coproc- 
essor request for a data operand to be transferred 
to/from 
memory by the 80386. In response, the 


80386 transfers information between the coproces- 
sor and memory. Because the 80386 has internally 
stored the coprocessor opcode being executed, it 
performs the requested data transfer with the cor- 
rect direction and memory address. 


PEREa is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. 


When asserted, this input indicates the coprocessor 
is still executing an instruction, and is not yet able to 
accept another. When the 80386 encounters any 
coprocessor instruction which operates on the nu- 
meric stack (e.g. load, pop, or arithmetic operation), 
or the WAIT instruction, this input is first automatical- 
ly sampled until it is seen to be negated. This sam- 
pling of the BUSY# input prevents overrunning the 
execution of a previous coprocessor instruction. 


The FNINIT and FNCLEX coprocessor instructions 
are allowed to execute even if BUSY# is asserted, 
since these instructions are used for coprocessor 
initialization and exception-clearing. 


BUSY# is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. 


BUSY# serves an additional function. If BUSY# is 
sampled LOW at the falling edge of RESET, the 
80386 performs an internal self-test (see 5.5.3 Bus 
Activity During and Following Reset). If BUSY# is 
sampled HIGH, no self-test is performed. 


inter 


5.2.8.4 COPROCESSOR ERROR (ERROR#) 


This input signal indicates that the previous coproc- 
essor instruction generated a coprocessor error of a 
type not masked by the coprocessor's control regis- 
ter. This input is automatically sampled by the 80386 
when a coprocessor instruction is encountered, and 
if asserted, the 80386 generates exception 16 to ac- 
cess the error-handling software. 


Several coprocessor instructions, generally those 
which clear the numeric error flags in the coproces- 
sor or save coprocessor state, do execute without 
the 80386 generating exception 16 even if ER- 
ROR# is asserted. These instructions are FNINIT, 
FNCLEX, FSTSW, FSTSWAX, FSTCW, FSTENV, 
FSAVE, FESTENV and FESAVE. 


ERROR# is level-sensitive and is allowed to be 
asynchronous to the CLK2 signal. 


ERROR# serves an additional function. If ERROR# 
is LOW no later than 20 CLK2 periods after the faIl- 
ing edge of RESET and remains LOW at least until 
the 80386 begins its first bus cycle, an 80387 is as- 
sumed to be present (ET bit in CRO automatically 
gets set to 1). Otherwise, an 80287 (or no coproces- 
sor) is assumed to be present (ET bit in CROauto- 
matically is reset to 0). See 5.5.3 Bus Activity 
Dur- 


Ing and After Reset. Only the ET bit is set by this 
ERROR# pin test. Software must set the EM and 
MP bits in CROas needed. Therefore, distinguishing 
80287 presence from no coprocessor requires a 
software test and appropriately resetting or setting 
the EM bit of CRO(set EM = 1 when no coproces- 
sor is present). If ERROR# is sampled LOW after 
reset (indicating 80387) but software later sets 
EM = 1, the 80386 will behave as if no coprocessor 
is present. 


The following descriptions cover inputs that can in- 
terrupt or suspend execution of the processor's cur- 
rent instruction stream. 


5.2.9.2 MASKABLE INTERRUPT REQUEST(INTR) 


When asserted, this input indicates a request for in- 
terrupt service, which can be masked by the 80386 
Flag Register IF bit. When the 80386 responds to 
the INTR input, it performs two interrupt acknowl- 
edge bus cycles, and at the end of the second, 
latches an 8-bit interrupt vector on 00-07 
to identify 


the source of the interrupt. 


INTR is level-sensitive and is allowed to be asyn- 
chronous to the CLK2 signal. To assure recognition 


of an INTR request, INTR should remain asserted 
until the first interrupt acknowledge bus cycle be- 
gins. 


5.2.9.3 NON-MASKABLE INTERRUPT REQUEST 


(NMI) 


This input indicates a request for interrupt service, 
which cannot be masked by software. The non- 
maskable interrupt request is always processed ac- 
cording to the pointer or gate in slot 2 of the interrupt 
table. Because of the fixed NMI slot assignment, no 
interrupt acknowledge cycles are perfomed when 
processing NMI. 


NMI is rising edge-sensitive and is allowed to be 
asynchronous to the CLK2 signal. To assure recog- 
nition of NMI, it must be negated for at least eight 
CLK2 periods, and then be asserted for at least 
eight CLK2 periods. 


Once NMI processing has begun, no additional 
NMI's are processed until after the next IRET in- 
struction, which is typically the end of the NMI serv- 
ice routine. If NMI is re-asserted prior to that time, 
however, one rising edge on NMI will be remem- 
bered for processing after executing the next IRET 
instruction. 


5.2.9.4 RESET (RESEn 


This input signal suspends any operation in progress 
and places the 80386 in a known reset state. The 
80386 is reset by asserting RESET for 15 or more 
CLK2 periods (80 or more CLK2 periods before re- 
questing self test). When RESET is asserted, all oth- 
er input pins are ignored, and all other bus pins are 
driven to an idle bus state as shown in Table 5-3. If 
RESET and HOLD are both asserted at a point in 
time, RESET takes priority even if the 80386 was in 
a Hold Acknowledge state prior to RESET asserted. 


RESET is level-sensitive and must be synchronous 
to the CLK2 signal. If desired, the phase of the inter- 
nal processor clock, and the entire 80386 state can 
be completely synchronized to external circuitry by 
ensuring the RESET signal falling edge meets its ap- 
plicable setup and hold times, t25 and t26. 


Table 5-3. Pin State (Bus Idle) During Reset 


Pin Name 
Signal Level During Reset 


AOS# 
High 


00-031 
High Impedance 


BEO#-BE3# 
Low 


A2-A31 
High 


W/R# 
Low 


O/C# 
High 


M/IO# 
Low 


LOCK# 
High 


HLOA 
Low 


inter 


Table 5-4 summarizes the characteristics of all 80386 signals. 


Table 5·4. 80386 Signal Summary 


Input 
Output 
Signal Name 
Signal Function 
Active 
Input/ 
Synch or 
High Impedance 
State 
Output 
Asynch 
toCLK2 
During HLDA? 


CLK2 
Clock 
- 
I 
- 
- 


00-031 
Data Bus 
High 
I/O 
5 
Yes 


BEO#-BE3# 
Byte Enables 
Low 
0 
- 
Yes 


A2-A31 
Address Bus 
High 
0 
. 


Yes 
- 


W/R# 
Write-Read Indication 
High 
0 
- 
Yes 


D/C# 
Data-Control Indication 
High 
0 
- 
Yes 


M/IO# 
Memory-I/O Indication 
High 
0 
- 
Yes 


LOCK# 
Bus Lock Indication 
Low 
0 
- 
Yes 


AD5# 
Address 5tatus 
Low 
0 
- 
Yes 


NA# 
Next Address Request 
Low 
I 
5 
- 


B516# 
Bus 5ize 16 
Low 
I 
5 
- 


READY# 
Transfer Acknowledge 
Low 
I 
5 
- 


HOLD 
Bus Hold Request 
High 
I 
5 
- 


HLDA 
Bus Hold Acknowledge 
High 
0 
- 
No 


PEREQ 
Coprocessor Request 
High 
I 
A 
- 


BU5Y# 
Coprocessor Busy 
Low 
I 
A 
- 


ERROR# 
Coprocessor Error 
Low 
II 
A 
- 


INTR 
Maskable Interrupt Request 
High 
II 
A 
- 


NMI 
Non-Maskable Intrpt Request 
High 
:, 
A 
- 


RE5ET 
Reset 
High 
I 
5 
- 


All data transfers occur as a result of one or more 
bus cycles. Logical data operands of byte, word and 
double-word lengths may be transferred without re- 
strictions on physical address alignment. Any byte 
boundary may be used, although two or even three 
physical bus cycles are performed as required for 
unaligned operand transfers. 5ee 5.3.4 Dynamic 
Data Bus Sizing and 5.3.6 Operand 
Alignment. 


The 80386 address signals are designed to simplify 
external system bardware. Higher-order address bits 
are provided by A2-A31. Lower-order address in the 
form of BEO# - BE3# directly provides linear selects 
for the four bytes of the 32-bit data bus. Physical 
operand size information is thereby implicitly provid- 
ed each bus cycle in the most usable form. 


Byte Enable outputs BEO#-BE3# 
are asserted 


when their associated data bus bytes are involved 
with the present bus cycle; as listed in Table 5-5. 
During a bus cycle, any possible pattern of contigu- 
ous, asserted Byte Enable outputs can occur, but 
never patterns having a negated Byte Enable sepa- 
rating two or three asserted Enables. 


Address bits AO and A1 of the physical operand's 
base address can be created when necessary (for 
instance, for MULTIBUS~ I or MULTIBUS~ II inter- 
face), as a function of the lowest-order asserted 
Byte Enable. This is shown by Table 5-6. Logic to 
generate AOand A1 is given by Figure 5-3. 


Table 5-5. Byte Enables and Associated 


Data and Operand Bytes 


Byte Enable Signal 
Associated Data Bus Signals 


BEO# 
00-07 
(byte ()-..-leastsignificant) 


BE1# 
08-015 
(byte 1) 


BE2# 
016-023 
(byte 2) 


BE3# 
024-031 
(byte 3-most 
significant) 


L 
H 


L 
x Ii 
L 
L 
L 
H 
L 
x 
L.~. 


H 
L 
L 
L 
H 
ft 
x 
x 
x 
L 


L 
H 
L 


BE1# 


K • Map for A 1 Signal 


L 
H 


L 
x 
L ~ 
L 


L 
.~. 
L 
x 
L 
H 
L 
L 
Sr 
H 
H 
H· :x 
x 
x 
L 


L 
H 
L 


Table 5-6. Generating AO-A31 from 


BEO#-BE3# 
and A2-A31 


80386 Address Signals 


A31 
......... 
A2 
BE3# 
BE2# 
BE1# 
BEO# 


Physical Base 
Address 


A31 ......... A2 A1 AO 


A31 ......... 
A2 
0 
0 
X 
X 
X 
Low 


A31 ......... 
A2 
0 
1 
X 
X 
Low 
High 


A31 ......... 
A2 
1 
0 
X 
Low 
High 
High 


A31 ......... 
A2 
1 
1 
Low 
High 
High 
High 


BEo# 
~ 
BE3#~ 


Each bus cycle is composed of at least two bus 
states. Each bus state requires one processor clock 
period. Additional bus states added to a single bus 
cycle are called wait states. See 5.4 Bus Functional 
Description. 


Since a bus cycle requires a minimum of two bus 
states (equal to two processor clock periods), data 
can be transferred between external devices and 
the 80386 at a maximum rate of one 4-byte Dword 
every two processor clock periods, for a maximum 
bus bandwidth of 40 megabytes/second (80386-20 
operating at 20 MHz processor clock rate). 


Bus cycles may access physical memory space or 
I/O space. Peripheral devices in the system mayei- 
ther be memory-mapped, or I/O-mapped, or both. 
As shown in Figure 5-4, physical memory addresses 
range from OOOOOOOOH 
to FFFFFFFFH (4 gigabytes) 


and I/O addresses from OOOOOOOOH 
to OOOOFFFFH 


(64 kilobytes) for programmed I/O. Note the I/O ad- 
dresses used by the automatic I/O cycles for co- 
processor 
communication 
are 
800000F8H 
to 


800000FFH, beyond the address range of pro- 
grammed I/O, to allow easy generation of a coproc- 
essor chip select signal using the A31 and M/IO# 
signals. 


inter 
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NOTE: 
Since A31 is HIGH during automatic communication with coprocessor, A31 HIGH and M/lo# 
LOW can be used to 
easily generate a coprocessor select signal. 


5.3.3 
Memory and 1/0 Organization 


The 80386 datapath to memory and I/O spaces can 
be 32 bits wide or 16 bits wide. When 32-bits wide, 
memory and I/O spaces are organized naturally as 
arrays of physical 32-bit Dwords. Each memory or 
I/O Dword has four individually addressable bytes at 
consecutive byte addresses. The lowest-addressed 
byte is associated with data signals 00-07; 
the 


highest-addressed byte with 024-031. 


The 80386 includes a bus control input, B816#, that 
also allows direct connection to 16-bit memory or 
I/O 
spaces organized as a sequence of 16-bit 


words. Cycles to 32-bit and 16-bit memory or I/O 
devices may occur in any sequence, since the 
B816# 
control is sampled during each bus cycle. 
8ee 5.3.4 Dynamic 
Data Bus Sizing. The Byte En- 
able signals, BEO#-BE3#, 
allow byte granularity 


when addressing any memory or I/O 
structure, 
whether 32 or 16 bits wide. 


Dynamic data bus sizing is a feature allowing direct 
processor connection to 32-bit or 16-bit data buses 
for memory or I/O. A single processor may connect 
to both size buses. Transfers to or from 32- or 16·bit 
ports are supported by dynamically determining the 
bus width during each bus cycle. During each bus 
cycle an address decoding circuit or the slave de- 


vice itself may assert B816# for 16-bit ports, or ne- 
gate B816# for 32-bit ports. 


With B816# asserted, the processor automatically 
converts operand transfers larger than 16 bits, or 
misaligned 16-bit transfers, into two or three trans- 
fers as required. All operand transfers physically oc- 
cur on 00-015 
when B816# 
is asserted. There- 


fore, 16-bit memories or I/O devices only connect 
on data signals 00-015. 
No extra transceivers are 


required. 


Asserting B816# only affects the processor when 
BE2# and/or BE3# are asserted during the current 
cycle. If only 00-015 
are involved with the transfer, 


asserting B816# 
has no affect since the transfer 


can proceed normally over a 16·bit bus whether 
B816# is asserted or not. In other words, asserting 
B816# has no effect when only the lower half of the 
bus is involved with the current cycle. 


There are two types of situations where the proces- 
sor is affected by asserting B816 #, depending on 
which Byte Enables are asserted dUringthe current 
bus cycle: 


Upper Half Only: 


Only BE2# and/or BE3# asserted. 


Upper and Lower Half: 


At least BE1#, BE2# asserted (and perhaps 
also BEO# and/or BE3#). 


inter 


Effect of asserting B516# during "upper half only" 
read cycles: 
Asserting B516# during "upper half only" reads 
causes the 80386 to read data on the lower 16 
bits of the data bus and ignore data on the upper 
16 bits of the data bus. Oatathat would have been 
read from 016-031 
(as indicated by BE2# and 


BE3#) will instead be read from 00-015 
respec- 


tively. 


Effect of asserting B516# during "upper half only" 
write cycles: 
Asserting B516# during "upper half only" writes 
does not affect the 80386. When only BE2# 
and/or BE3# are asserted during a write cycle 
the 
80386 
always 
duplicates 
data 
signals 


016-031 
onto 00-015 
(see Table 5-1). There- 


fore, no further 80386 action is required to per- 
form these writes on 32-bit or 16-bit buses. 


Effect of asserting B516# during "upper and lower 
half" read cycles: 


Asserting B516# 
during "upper and lower half" 
reads causes the processor to perform two 16·bit 
read cycles for complete physical operand trans- 
fer. Bytes 0 and 1 (as indicated by BEO# and 
BE1#) are read on the first cycle using 00-015. 
Bytes 2 and 3 (as indicated by BE2# and BE3#) 
are read during the second cycle, again using 
00-015.016-031 
are ignored during both 16-bit 


cycles. BEO# and BE1# are always negated dur- 
ing the second 16-bit cycle (5ee Figure 5-14, cy- 
cles 2 and 2a). 


Effect of asserting B516# during "upper and lower 
half" write cycles: 
Asserting B516# 
during "upper and lower half" 


writes causes the 80386 to perform two 16-bit 
write cycles for complete physical operand trans- 
fer. All bytes are available the first write cycle al- 
lowing external hardware to receive Bytes 0 and 1 
(as indicated by BEO# and BE1#) using 00-015. 
On the second cycle the 80386 duplicates Bytes 2 
and 3 on 00-015 
and Bytes 2 and 3 (as indicated 


by BE2# and BE3#) are written using 00-015. 
BEO# and BE1# are always negated during the 
second 16-bit cycle. B516# 
must be asserted 


during the second 16-bit cycle. 5ee Figure 
5-14, 


cycles 
1 and 1a. 


5.3.5 
Interfacing 
with 32· and 16·Blt 


Memories 


In 32-bit-wide physical memories such as Figure 5-5, 
each physical Oword begins at a byte address that is 
a multiple of 4. A2-A31 are directly used as a Dword 
select and BEO#-BE3# 
as byte selects. B516# is 


negated for all bus cycles involving the 32-bit array. 


When 16-bit-wide physical arrays are included in the 
system, as in Figure 5-6, each 16·bit physical word 
begins at a address that is a multiple of 2. Note the 
address is decoded, to assert B516# 
only during 


bus cycles involvingthe 16-bitarray.(Ifdesiring to use 


32 
DATA BUS (00-031) 


ADDRESSBUS (BEOIII-BE3111.A2-A31) 


BSI6111 


"HIGH" 


ADDRESS 9US 


(9ED#-9E31. 
1.2-1.31) 


inter 


pipelined address with 16-bit memories then BEO#- 
BE3# and W/R# 
are also decoded to determine 


when Bs16# should be asserted. See 5.4.3.6 Plpe- 
lined Address with Dynamic Data Bus Sizing.) 


A2-A31 
are directly usable for addressing 32-bit 


and 16-bit devices. To address 16-bit devices, A1 
and two byte enable signals are also needed. 


To generate an A1 signal and two Byte Enable sig- 
nals for 16·bit access, BEO#-BE3# 
should be de- 


coded as in Table 5-7. Note certain combinations of 
BEO#-BE3# 
are never generated by the 80386, 


leading to "don't care" conditions in the decoder. 
Any BEO#-BE3# 
decoder, such as Figure 5-7, may 


use the non-occurring BEO# - BE3# combinations 
to its best advantage. 


4, or a 16-bit word operand split between two physi- 
cal Owords of the memory array. 


Operand alignment and data bus size dictate when 
multiple bus cycles are required. Table 5-8 describes 
the transfer cycles generated for all combinations of 
logical operand lengths, alignment, and data bus siz- 
ing. When multiple bus cycles are required to trans- 
fer a multi-byte logical operand, the highest-order 
bytes are transferred first (but if Bs 16# asserted 
requires two 16-bit cycles be performed, that part of 
the transfer is low-order first). 


With the flexibility of memory addressing on the 
80386, it is possible to tran!lfer a logical operand 
that spans more than one physical Oword or word of 
memory or I/O. Examples are 32-bit Oword oper- 
ands beginning at addresses not evenly divisible by 


The 80386 has separate, parallel buses for data and 
address. The data bus is 32-bits in width, and bidi- 
rectional. The address bus provides a 32-bit value 
using 30 signals for the 30 upper-order address bits 
and 4 Byte Enable signals to directly indicate the 
active bytes. These buses are interpreted and con- 
trolled via several associated definition or control 
signals. 


Table 5-7. Generating A1, BHE# and BLE# for Addressing 
16-Blt Devices 


80386 Signals 
16-Blt Bus Signals 
Comments 
BE3# 
BE2# 
BE1# 
BEO# 
A1 
BHE# 
BLE# (AO) 


H* 
H* 
H* 
H* 
x 
x 
x 
x-no 
active bytes 
H 
H 
H 
L 
L 
H 
L 


H 
H 
L 
H 
L 
L 
H 


H 
H 
L 
L 
L 
L 
L 


H 
L 
H 
H 
H 
H 
, 
L 


H* 
L* 
H* 
L* 
x 
x 
x 
x-not 
contiguous bytes 
H 
L 
L 
H 
L 
L 
H 


H 
L 
L 
L 
L 
L 
L 
L 
H 
H 
H 
H 
L 
H 


L* 
H* 
H* 
L* 
x 
x 
x 
x-not 
contiguous bytes 
L* 
H* 
L* 
H* 
x 
x 
x 
x-not 
contiguous bytes 
L* 
H* 
L* 
L* 
x 
x 
x 
x-not 
contiguous bytes 
L 
L 
H 
H 
H 
L 
L 


L* 
L* 
H* 
L* 
x 
x 
x 
x-not 
continguous bytes 
L 
L 
L 
H 
L 
L 
H 


L 
L 
L 
L 
L 
L 
L 


BLE# asserted when 00-07 
of 16-bit bus is active. 


--:- 


BHE# asserted when 08-015 
of 16-bit bus is active. 
A1 low for all even words; A1 high for all odd words. 


Key: 
'. 
, 


x 
= don't care 
H = high voltage level 
L = low voltage level 
* = a non-occurring pattern of Byte Enables; either none are asserted, 


or the pattern has Byte Enables asserted for non-contiguous bytes 
. 


L 
H 


L 
x Ii 
L 
L 
L 
H 
L 
x 
L 


X 
H 
L 
L 
L 


H 
8 
x 
x 
x 
L 


L 
H 
L 


BEON 
~ 
BE3N~ 


L 
H 


L 
x 
L 
L 
L 
L 
H 
L 
:li: 
L 


I:i: 
H 
L 
:x 
L 
H 
x 
x 
L 
x 
L 


L 
H 
L 


BEIN 
~ 
BE3N~ 


L 
H 


L 
x 
L 
M 
L 


L 
H 
L 
x 
L 
H 


L 
L 
li 
H 


H 
:I:i: :jc: 
x 
x 
L 


L 
H 
L 


BEON 


BE2N 


Byte-Length 
of Logical Operand 


1 
2 
4 


Physical Byte Address 
xx 
00 
01 
10 
11 
00 
01 
10 
11 
in Memory (low-order 
bits) 


Transfer 
Cycles over 
b 
w 
w 
w 
hb: 
d 
hb 
hw, 
h3, 
32-Bit Data Bus 
Ib 
13 
Iw 
Ib 


Transfer 
Cycles over 
b 
w 
Ib, 
w 
hb, 
tw, 
hb, 
hw, 
mw.. 


16-Bit Data Bus 
hb 
Ib 
hw 
Ib, 
Iw - 
~ 
mw 
Ib 


Key: 
b = byte transfer 
3 = 3-byte transfer 
w = word transfer 
d = Dword transfer 
I 
= low-order 
portion 
h = high-order 
portion 


m = mid-order 
portion 


x = don't care 
= BS161F asserted 
causes second 
bus cycle 


• For this case, 8086, 88, 186, 188, 286 transfer 
Ib first, then hb. 


inter 


The definition of each bus cycle is given by three 
definition signals: M/IO#, 
W/R# 
and D/C#. 
At the 


same time, a valid address is present on the byte 
enable signals BEO#-BE3# 
and other address sig- 
nals A2-A31. 
A status signal, ADS#, 
indicates 


when the 80386 issues a new bus cycle definition 
and address. 


Collectively, the address bus, data bus and all asso- 
ciated control signals are referred to simply as "the 
bus". 


When active, the bus performs one of the bus cycles 
below: 
1) read from memory space 


2) locked read from memory space 
3) write to memory space 
4) locked write to memory space 
5) read from liD space (or coprocessor) 
6) write to liD space (or coprocessor) 
7) interrupt acknowledge 
8) indicate halt, or indicate shutdown 


Table 5-2 shows the encoding of the bus cycle de.fi- 
nition signals for eaqh bus cycle. See section 5.2.5 
Bus Cycle Definition. 


The data bus has a dynamic sizing feature support- 
ing 32- and 16-bit bus size. Data bus size is indicated 
to the 80386 using its Bus Size 16 (BS16#) input. All 
bus functions can be performed with either data bus 
size. 


When the 80386 bus is not performing one of the 
activities listed apove, it is either Idle or in the Hold 
Acknowledge state, which may be detected by ex- 
ternal circuitry. The idle state can be identified by the 
80386 giving no further assertions on its address 
strobe output (ADS#) since the beginning of its 
most recent bus cycle, and the most recent bus cy- 
cle has been terminated. The hold acknowledge 
state is identified by the 80386 asserting its hold ac- 
knowledge (HLDA) output. 


The shortest time unit of bus activity is a bus state. A 
bus state is one processor clock period (two CLK2 
periods) in duration. A complete data transfer occurs 
during a bus cycle, composed of two or more bus 
states. 


CYCLE 1 
CYCLE 2 
CYCLE 3 


, NON-PIPELINED 
NON-PIPELINED 
NON-PIPELINED 
(READ) 
(READ) 
(READ) 


T1 
T2 
T1 
T2 
T1 
T2 


.11.2 
.11.2 
.11.2 
.11.2 
.11.2 
.11.2 
.1 


CLK2 [ 


(INPUT) 


BEOill-BE3i11.A2-A31, 
[ 


tol/IOill. D/Cill. W/Rill 


(OUTPUTS) 


ADSiII [ 


(OUTPUT) 


NAill [ 


(INPUT) 


READYiII [ 
(INPUT) 


LOCKiII [ 


(OUTPUT) 


00-031 
[ 


(INPUT 
DURING READ) 


Figure 5-8. Fastest Read Cycles with Non-Pipellned Address Timing 
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The fastest 
80386 
bus cycle 
requires 
only two bus 


states. 
For example, 
three consecutive 
bus read cy- 


cles, each consisting 
of two bus states, 
are shown 


by Figure 
5-8. 
The 
bus 
states 
in each 
cycle 
are 


named T1 and T2. Any memory 
or I/O address 
may 


be accessed 
by such 
a two-state 
bus cycle, 
if the 


external 
hardware 
is fast 
enough. 
The 
high-band- 


width, two-clock 
bus cycle realizes 
the full potential 


of fast main memory, 
or cache 
memory. 


Every bus cycle 
continues 
until it is acknowledged 


by the external 
system 
hardware, 
using the 80386 


READY # input. Acknowledging 
the bus cycle at the 


end of the first T2 results 
in the shortest 
bus cycle, 


requiring 
only T1 and T2. If READY # is not immedi- 


ately asserted, 
however, 
T2 states 
are repeated 
in- 


definitely 
until the READY # input is sampled 
assert- 
ed. 


The address 
pipelining 
option 
provides 
a choice 
of 


bus 
cycle 
timings. 
Pipelined 
or 
non-pipe lined 
ad- 


dress timing 
is selectable 
on a cycle-by-cycle 
basis 


with the Next Address 
(NA #) input. 


When address 
pipelining 
is not selected, 
the current 


address 
and 
bus 
cycle 
definition 
remain 
stable 


throughout 
the bus cycle. 


When 
address 
pipelining 
is selected, 
the 
address 


(BEO#-BE3#, 
A2-A31) 
and 
definition 
(W/R#, 


D/C# 
and M/IO#) 
of the next cycle 
are available 


before 
the end of the current 
cycle. 
To signal 
their 


availability, 
the 80386 address 
status output (ADS#) 


is also 
asserted. 
Figure 
5-9 illustrates 
the 
fastest 


read cycles with pipelined 
address 
timing. 


Note 
from 
Figure 
5-9 the fastest 
bus cycles 
using 


pipelined 
address 
require 
only 
two 
bus 
states, 


named 
T1P 
and T2P. 
Therefore 
cycles 
with 
pipe- 


lined address 
timing allow the same data bandwidth 


as non-pipelined 
cycles, 
but address-to-data 
access 


time 
is increased 
compared 
to that 
of a non-pipe- 


lined cycle. 


By increasing 
the address-to-data 
access time, pipe- 


lined 
address 
timing 
reduces 
wait 
state 
require- 


ments. For example, 
if one wait state is required with 


non-pipe lined address 
timing, 
no wait states 
would 


be required 
with pipe lined address. 


CYCLE 1 
CYCLE 2 


PIPELINED 
PIPELINED 
(READ) 
(READ) 


TlP 
T2P 
TlP 
T2P 


.11.2 
.11.2 
.11.2 
.11.2 


CLK2 [ 
(INPUT) 


8EOI-8E3#. 
A2-A31, 
[ 


M/IO#. D/C#. W/R# 
(OUTPUTS) 


ADS# [ 


(OUTPUT) 


LOCK#[ 


(OUTPUT) 


CYCLE3 
PIPELINED 
(READ) 


TlP 
T2P 


.11.2 
.1/.2 


Figure 
5-9. Fastest 
Read Cycles 
with 
Plpellned 
Address 
Timing 
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Pipelined address timing is useful in typical systems 
having address latches. In those systems, once an 
address has been latched, pipelined availability of 
the next address allows decoding circuitry to gener- 
ate chip selects (and other necessary select signals) 
in advance, so selected devices are accessed im- 
mediately when the next cycle begins. In other 
words, the decode time for the next cycle can be 
overlapped with the end of the current cycle. 


If a system contains a memory structure of two or 
more interleaved memory banks, pipelined address 
timing potentially allows even more overlap of activi- 
ty. This is true when the interleaved memory control- 
ler is designed to allow the next memory operation 


TWO-BANK INTERLEAVED MEMORY 


a) Address signal A2 selects bank 
b) 32-bit datapath to each bank 


to begin in one memory bank while the current bus 
cycle is still activating another memory bank. Figure 
5-10 shows the general structure of the 80386 with 
2-bank and 4-bank interleaved memory. Note each 
memory bank of the interleaved memory has full 
data bus width (32-bit data width typically, unless 16- 
bit bus size is selected). 


Further details of pipelined address timing are given 
in 5.4.3.4 Plpellned Address, 5.4.3.5 Initiating and 
Maintaining Plpellned Address, 5.4.3.6 Pipellned 
Address 
with 
Dynamic 
Bus Sizing, and 5.4.3.7 


Maximum Pipellned Address 
Usage with 
16-Bit 


Bus Size. 


FOUR-BANK INTERLEAVED MEMORY 


a) Address signals A3 and A2 select bank 
b) 32-bit datapath to each bank 


5.4.3.1 INTRODUCTION 


Data transfers occur as a result of bus cycles, classi- 
fied as read or write cycles. During read cycles, data 
is transferred from an external device to the proces- 
sor. During write cycles data is transferred in the oth- 
er direction, from the processor to an external de- 
vice. 


Two choices of address timing are dynamically se- 
lectable: non-pipelined, or pipelined. After a bus idle 
state, the processor always uses non-pipelined ~d- 
dress timing. However, the NA# (Next Address) In- 
put may be asserted to select pipelined address tim- 
ing for the next bus cycle. When pipelining is select- 
ed and the 80386 has a bus request pending inter- 
nally, the address and definition of the next cycle ~s 
made available even before the current bus cycle IS 
acknowledged by READY#. Generally, the NA# in- 
put is sampled each bus cycle to select the desired 
address timing for the next bus cycle. 


I 


CYCLE 1 
NON-PIPEUNED 
(WRITE) 


T1 
T2 


CYCLE 2 
I 
CYCLE 3 
NON-PIPELINED 
NON-PIPELINED 


(READ) 
(WRITE) 


T1 
T2 
T1 
T2 


I 


CYCLE 4 


NON-PIPELINED 
(READ) 


T1 
T2 


(CLK) [ 


8EO#-8E3# 
[ 
A2-A31, 
t,j/IO#.D/C# 


ADS # [ 


NA# 
[ 


Two choices of physical data bus width are dynami- 
cally selectable: 32 bits, or 16 bits. Generally, the 
Bs16# (Bus Size 16) input is sampled near the end 
of the bus cycle to confirm the physical data bus size 
applicable to the current cycle. Negation of Bs16# 
indicates a 32-bit size, and assertion indicates a 16- 
bit bus size. 


If 16-bit bus size is indicated, the 80386 automatical- 
ly responds as required to complete the transfer on 
a 16·bit data bus. Depending on the size and align- 
ment of the operand, another 16·bit bus cycle may 
be required. Table 5·7 provides all details. When 
necessary, the 80386 performs an additional 16-bit 
bus cycle, using 00-015 
in place of 016-031. 


Terminating a read cycle or write cycle, like any bus 
cycle, requires acknowledging the cycle by asserting 
the READY# input. Until acknowledged, the proces- 
sor inserts wait states into the bus cycle, to allow 
adjustment for the speed of any external device. Ex- 
ternal hardware, which has decoded the address 
and bus cycle type asserts the READY# input at the 
appropriate time. 


IDLE I 


n 


231630-15 
Idle states 
are shown 
here for diagram 
variety 
only. Write cycles 
are not 
always 
followed 
by an idle state. 
An active 
bus cycle 
can immediately 
follow 
the write 
cycle. 


Figure 5·11. Various 
Bus Cycles 
and Idle States with 
Non-Plpellned 
Address 
(zero walt 
states) 
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At the end of the second bus state within the bus 
cycle, READYII is sampled. At that time, if external 
hardware acknowledges the bus cycle by asserting 
READYII, the bus cycle terminates as shown in Fig- 
ure 5-11. If READYII is negated as in Figure 5-12, 
the cycle continues another bus state (a wait state) 
and READYII is sampled again at the end of that 
state. This continues indefinitely until the cycle is ac- 
knowledged by READYII asserted. 


When the current cycle is acknowledged, the 80386 
terminates it. When a read cycle is acknowledged, 
the 80386 latches the information present at its data 
pins. When a write cycle is acknowledged, the 
80386 write data remains valid throughout phase 
one of the next bus state, to provide write data hold 
time. 


Any bus cycle may be performed with non-pipelined 
address timing. For example, Figure 5-11 shows a 
mixture of read and write cycles with non-pipelined 
address timing. Figure 5-11 shows the fastest possi- 


I 


CYCLE 
1 
I 


NON-PIPELINED 


(READ) 


T1 
T2 


CYCLE 
2 


NON-PIPELINED 


(WRITE) 


T1 
T2 
T2 


BEOI-BEI 
I 
A2-A31. 
[ 
M/IO I.D/CI 


W/RI [ 


ADSI [ 


NAI 
[ 


ble cycles with non-pipelined address have two bus 
states per bus cycle. The states are named T1 and 
T2. In phase one of the T1, the address signals and 
bus cycle definition signals are driven valid, and to 
signal their availability, address status (ADSI1) is 
simultaneously asserted. 


During read or write cycles, the data bus behaves as 
follows. If the cycle is a read, the 80386 floats its 
data signals to allow driving by the external device 
being addressed. The 80386 requires that all data 
bus pins be at a valid logic state (high or low) at 
the end of each read cycle, when READY II is 
asserted. 
The system 
MUST 
be designed 
to 


meet this requirement. 
If the cycle is a write, data 


signals are driven by the 80386 beginning in phase 
two of T1 until phase one of the bus state following 
cycle acknowledgment. 


Figure 5-12 illustrates non-pipelined bus cycles with 
one wait added to cycles 2 and 3. READYII is sam- 
pled negated at the end of the first T2 in cycles 2 
and 3. Therefore cycles 2 and 3 have T2 repeated. 
At the end of the second T2, READYII is sampled 
asserted. 


IDLE I 


n 


CYCLE 
3 


NON-PIPELINED 
(READ) 


IDLE 
I 


n 


231630-16 
Idle states 
are shown 
here for diagram 
variety 
only. Write 
cycles 
are not 
always 
followed 
by an idle state. 
An active 
bus cycle can immediately 
follow 
the write 
cycle. 


Figure 5-12. Various Bus Cycles and Idle States with Non-Pipelined Address 


(various number of walt states) 
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READY# ASSERTED- 


HOLD NEGATED- 
REQUEST PENDING 


READY# NEGATED- 
NA#NEGATED 
231630-17 
Bus States: 
T1-first 
clock of a non-pipelined bus cycle (80386 drives new address and asserts ADS#) 
T2-subsequent 
clocks of a bus cycle when NA# has not been sampled asserted in the current bus cycle 


Ti- 
idle state 
Th-hold 
acknowledge slate (80386 asserts HLDA) 
The fastest bus cycle consists of two slates: T1 and T2. 
Four basic bus slates describe bus operation when not using pipelined address. These states do include 8S16# usage for 32-bit and 16-bit 
bus size, If asserting 8S16# requires a second 16-bit bus cycle to be performed, it is performed before HOLD asserted is acknowledged. 


When 
address 
pipelining 
is not used, 
the address 


and bus cycle 
definition 
remain 
valid during all wait 


states. 
When wait states 
are added 
and you desire 


to maintain 
non-pipe lined address timing, it is neces- 


sary to negate NA # during each T2 state except the 
last one, as shown 
in Figure 5-12 cycles 
2 and 3. If 


NA # is sampled 
asserted 
during a T2 other than the 


last one, the next state would 
be T21 (for pipe lined 


address) 
or T2P (for pipelined 
address) 
instead 
of 


another 
T2 (for non-pipelined 
address). 


When address 
pipelining 
is not used, the bus states 


and transitions 
are completely 
illustrated 
by Figure 


5-13. 
The 
bus 
transitions 
between 
four 
possible 


states: 
T1, T2, Ti, and Th. Bus cycles 
consist 
of T1 


and T2, with T2 being repeated 
for wait states. 
Oth- 
erwise, the bus may be idle, in the Ti state, or in hold 
acknowledge, 
the Th state. 


When 
address 
pipelining 
is not used, the bus state 


diagram 
is as shown in Figure 5-13. When the bus is 


idle it is in state Ti. Bus cycles always begin with T1. 
T1 always leads to T2. If a bus cycle is not acknowl- 
edged during T2 and NA# 
is negated, 
T2 is repeat- 


ed. When 
a cycle 
is acknowledged 
during 
T2, the 


following 
state will be T1 of the next bus cycle 
if a 


bus request 
is pending 
internally, 
or Ti if there 
is no 


bus request 
pending, 
or Th if the HOLD input is be- 
ing asserted. 


The bus state diagram 
in Fig'ure 5-13 also applies 
to 


the use of BS 16 #. If the 80386 
makes 
internal 
ad- 


justments 
for 16-bit bus size, the adjustments 
do not 


affect 
the external 
bus states. 
If an additional 
16·bit 


bus cycle is required to complete 
a transfer 
on a 16- 


bit bus, it also follows 
the state transitions 
shown 
in 


Figure 5-13. 


Use of pipelined 
address 
allows 
the 80386 
to enter 
three additional 
bus states not shown in Figure 5-13. 


Figure 
5-20 
in 5.4.3.4 
Plpellned Address is the 


complete 
bus state diagram, 
including 
pipelined 
ad- 


dress cycles. 


inter 


5.4.3.3 
NON-PIPELINED 
ADDRESS 
WITH 


DYNAMIC 
DATA 
BUS SIZING 


The 
physical 
data 
bus width 
for any non-pipe lined 


bus cycle 
can 
be either 
32-bits 
or 16-bits. 
At the 


beginning 
of the bus cycle, 
the processor 
behaves 


as if the data bus is 32-bits 
wide. When the bus cy- 


cle is acknowledged, 
by asserting 
READY # at the 


end 
of 
a T2 
state, 
the 
most 
recent 
sampling 
of 


8516# 
determines 
the data bus size for the cycle 


being 
acknowledged. 
If 8516# 
was most recently 


negated, 
the 
physical 
data 
bus size is defined 
as 


32 bits. If 8516# 
was most 
recently 
asserted, 
the 


size is defined 
as 16 bits. 


When 8516 # is asserted 
and two 16-bit bus cycles 


are required 
to complete 
the transfer, 
8516# 
must 


be asserted 
during the second 
cycle; 
16-bit bus size 


is not assumed. 
Like any bus cycle, the second 
16- 


bit 
cycle 
must 
be 
acknowledged 
by 
asserting 


READY#. 


When a second 
16-bit bus cycle is required 
to com- 


plete the transfer 
over a 16-bit bus, the addresses 


A TRANSfER REOUIRINGTWO 
CYCLESON 16-BIT DATA BUS 


CYCLE 1~CYCLE 
1A 
NON-PIPELINED 
NON-PIPELINED 
(WRITE 
WRITE) 
PARTONE 
PARTTWO 


T1 
T2 
T1 
T2 


CLK2 [ 


(CLK) [ 


BED#,BEI 
# 
[ 
[ 
[ 
[ 
[ 


BE2#, BE3# 
A2-A31, 


104/IO#,D/C# 


BS16# 
[ 


READY# [ 


LOCK# [ 


00-015 [ . ------- 


016-031 [ . ------- 


CYCLE2 TCYCLE 
2A 
NON-PIPELINED 
NON-PIPELINED 


(READ 
READ) 
PARTONE 
PARTTWO 


T1 
T2 
T1 
T2 


VALID 2 


dO-d15 
d16-d31 
--0-- ---0--- 


IGNORED 
IGNORED 
--0-- ---0--- 
I 
I 


Figure 
5-14. Asserting 
BS16# 
(zero 
walt states, 
non-plpellned 
address) 
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CYCLE 1 
CYCLE1A 
NON-PIPELINED 
NON-PIPELINED 
(READ----l---READ) 
PARTONE 
PARTTWO 


CYCLE2 


NON-PIPELINED 
(WRITE) 


n 


ClK2 
[ 


(ClK) 
[ 


BEOH,BE1 H [ 


BE2H, BE3 H [ 
A2-A31, 
M/IOH,D/CH 


W/RH [ 


ADSH [ 


BS16H 
[ 


READYH [ 


lOCKH [ 


00-015 [- 


016- 031 [- 


dO-d15 
-------- 
--- --~-- 


IGNORED 
-------- 
--- --~-- 


I 


d16-d31 
--0 


IGNORED 
--0 
I 


dO-d15 


OUT 


d16-d31 


OUT 


generated for the two 16-bit bus cycles are closely 
related to each other. The addresses are the same 
except 8EO# and 8E1 # are always negated for the 
second cycle. This is because data on 00-015 
was 


already transferred during the first 16-bit cycle. 


Figures 5-14 and 5-15 show cases where assertion 
of 8816# 
requires a second 16-bit cycle for com- 


plete operand transfer. Figure 5-14 illustrates cycles 


without wait states. Figure 5-15 illustrates cycles 
with one wait state. In Figure 5-15 cycle 1, the bus 
cycle during which 8816# 
is asserted, note that 


NA# must be negated in the T2 state(s) prior to the 
last T2 state. This is to allow the recognition of 
8816# asserted in the final T2 state. The relation of 
NA# and 8816# 
is given fully in 5.4.3.4 Plpellned 


Address, 
but Figure 5-15 illustrates this only pre- 


caution you need to know when using 8816# 
with 


non-pipelined address. 


inter 


Address pipelining is the option of requesting the 
address and the bus cycle definition of the next, in- 
ternally pending bus cycle before the current bus 
cycle is acknowledged with READY# 
asserted. 
AD8 # is asserted by the 80386 when the next ad- 
dress is issued. The address pipelining option is con- 
trolled on a cycle-by-cycle basis with the NA# input 
signal. 


Once a bus cycle is in progress and the current ad- 
dress has been valid for at least one entire bus 
state, the NA# input is sampled at the end of every 
phase one until the bus cycle is acknowledged. Dur- 
ing non-pipelined bus cycles, therefore, NA# 
is 
sampled at the end of phase one in every T2. An 
example is Cycle 2 in Figure 5-16, during which NA# 
is sampled at the end of phase one of every T2 (it 
was asserted once during the first T2 and has no 
further effect during that bus cycle). 


IDLE 
CYCLE 1 
NoN-PIPELINED 
(WRITE) 


If NA# is sampled asserted, the 80386 is free to 
drive the address and bus cycle definition of the next 
bus cycle, and assert AD8 #, as soon as it has a bus 
request internally pending. It may drive the next ad- 
dress as early as the next bus state, whether the 
current bus cycle is acknowledged at that time or 
not. 


Regarding the details of address pipelining, the 
80386 has the following characteristics: 
1) For NA# to be sampled asserted, 8816# 
must 


be negated at that sampling window (see Figure 
5-16 Cycles 2 through 4, and Figure 5-17 Cycles 1 
through 4). If NA# and 8816# are both sampled 
asserted during the last T2 period of a bus cycle, 
8816# 
asserted has priority. Therefore, if both 


are asserted, the current bus size is taken to be 
16 bits and the next address is not pipelined. Con- 
ceptually, Figure 5-18 shows the internal 80386 
logic providing these characteristics. 


CYCLE 2 
NoN-PIPELINED 


(READ) 


CYCLE 3 
PIPELINED 
(WRITE) 


CYCLE. 
PIPELINED 


(READ) 


CLK2 
[ 


(CLK) 
[ 


BEON - BE3N 
[ 
A2 - A31, 


M/loN. D/CN 


W/RN 
[ 


BS16N 
[ 


READYN [ 
...+.~ 
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Following any idle bus state (Ti), addresses are non-pipelined. Within non-pipelined bus cycles, NA# is only sampled during wait states. 
Therefore, to begin address pipelining during a group of non-pipelined bus cycles requires a non-pipelined cycle with at least one wart state 
(Cycle 2 above). 


CLK2 [ 


(CLK) 
[ 


8EO#- 
8E3#, 
[ 
A2-A31, 


I.I/IO#,D/C# 


W/R# 
[ 


8S16# [ 


READY# [ 


CYCLE 1 
NON-PIPELINED 
(WRITE) 


CYCLE 2 
PIPELINED 
(READ) 


CYCLE 3 
PIPELINED 
(WRITE) 


CYCLE <4 
PIPELINED 
(READ) 


231630-21 
Following 
any idle bus state 
(Ti) the address 
is always 
non·pipelined 
and NA# 
is only sampled 
during 
waij states. 
To start address 
pipelining 
after 
an idle state 
requires 
a non-pipelined 
cycle 
with 
at least 
one wa~ state 
(cycle 
1 above). 
The pipelined 
cycles 
(2, 3, 4 above) 
are shown 
with various 
numbers 
of WM 
states. 


2) The next address 
may appear as early as the bus 


state after 
NA# 
was sampled 
asserted 
(see Fig- 


ures 5-16 or 5-17). In that case, state T2P is en- 
tered immediately. 
However, 
when there is not an 


internal 
bus request 
already 
pending, the next ad- 


dress will not be available 
immediately 
after NA # 


is asserted 
and T21 is entered 
instead of T2P (see 


Figure 5-19 Cycle 3). Provided the current bus cy- 
cle isn't yet acknowledged 
by READY # asserted, 
T2P will be entered 
as soon 
as the 80386 
does 


drive the next address. 
External 
hardware 
should 


therefore 
observe 
the ADS # output 
as confirma- 


tion the next address 
is actually 
being driven 
on 


the bus. 


3) Once NA # is sampled 
asserted, 
the 80386 com- 


mits itself to the highest 
priority 
bus request 
that 


is pending 
internally. 
It can no longer perform 
an- 


other 
16-bit transfer 
to the same address 
should 


8S16# 
be asserted 
externally, 
so thereafter 
must 


assume 
the current 
bus size is 32 bits. Therefore 


if NA # 
is sampled 
asserted 
within 
a bus cycle, 


8S16# 
must 
be negated 
thereafter 
in that 
bus 


cycle (see Figures 5-16, 5-17, 5-19). Consequent- 
ly, do not assert 
NA# 
during 
bus cycles 
which 


must 
have 
8S16# 
driven 
asserted. 
See 5.4.3.6 


Dynamic 
Bus Sizing with Pipe lined 
Address. 


4) Any address 
which 
is validated 
by a pulse on the 


80386 ADS # output will remain stable on the ad- 
dress 
pins for at least two processor 
clock 
peri- 


ods. The 80386 
cannot 
produce 
a new address 


more frequently 
than 
every two 
processor 
clock 


periods 
(see Figures 
5-16, 5-17, 5-19). 


5) Only the address 
and bus cycle 
definition 
of the 


very next bus cycle is available. 
The pipelining 
ca- 


pability 
cannot 
look 
further 
than 
one 
bus cycle 


ahead 
(see Figure 5-19 Cycle 1). 


NAI 
(PIN 013) 


85161 
(INTERNAL) 


NAI 
(INTERNAL) 


85161 
(PINCl.) 


Figure 5-18. 80386 Internal 
Logic on NA# and 8516# 


The complete bus state transition diagram, including 
operation with pipelined address is given by 5-20. 
Note it is a superset of the diagram for non-pipelined 
address only, and the three additional bus states for 
pipelined address are drawn in bold. 


The fastest bus cycle with pipelined address con- 
sists of just two bus states, T1P and T2P (recall for 
non-pipelined address it is T1 and T2). T1P is the 
first bus state of a pipelined cycle. 


5.4.3.5 INITIATING AND MAINTAINING 


PIPELINED ADDRESS 


Using the state diagram Figure 5-20, observe the 
transitions from an idle state, Ti, to the beginning of 
a pipelined bus cycle, T1P. From an idle state Ti, the 
first bus cycle must begin with T1, and is therefore a 
non-pipelined bus cycle. The next bus cycle will be 
pipelined, however, provided NA# is asserted and 
the first bus cycle ends in a T2P state (the address 
for the next bus cycle is driven during T2P). The fast- 
est path from an idle state to a bus cycle with pipe- 
lined address is shown in bold below: 


~ 
"T1-T~-T2P,/ 
"T1P}2P'j 


idle 
non-pipelined 
pipelined 


states 
cycle 
cycle 


T1-T2-T2P are the states of the bus cycle that es- 
tablishes address pipelining for the next bus cycle, 
which begins with T1P. The same is true after a bus 
hold state, shown below: 


"Th, Th, Th'I\..T1- T2 - T2P,/ "T1 P - T2P,/ 


T 
T 
T 


hold 
non-pipelined 
pipelined 


acknowledge 
cycle 
cycle 


states 


The transition to pipelined address is shown func- 
tionally by Figure 5-17 Cycle 1. Note that Cycle 1 is 
used to transition into pipelined address timing for 
the subsequent Cycles 2, 3 and 4, which are pipe- 
lined. The NA# input is asserted at the appropriate 
time to select address pipelining for Cycles 2, 3 and 
4. 


Once a bus cycle is in progress and the current ad- 
dress has been valid for one entire bus state, the 
NA# input is sampled at the end of every phase one 
until the bus cycle is acknowledged. During Figure 5- 
17 Cycle 1 therefore, sampling begins in T2. Once 
NA# is sampled asserted during the current cycle, 
the 80386 is free to drive a new address and bus 
cycle definition on the bus as early as the next bus 
state. In Figure 5-16 Cycle 1 for example, the next 
address is driven during state T2P. Thus Cycle 1 
makes the transition to pipelined address timing, 
since it begins with T1 but ends with T2P. Because 
the address for Cycle 2 is available before Cycle 2 
begins, Cycle 2 is called a pipelined bus cycle, and it 
begins with T1P. Cycle 2 begins as soon 
as 


READY# asserted terminates Cycle 1. 


Example transition bus cycles are Figure 5-17 Cycle 
1 and Figure 5-16 Cycle 2. Figure 5-17 shows tran- 
sition during the very first cycle after an idle bus 
state, which is the fastest possible transition into ad- 
dress pipelining. Figure 5-16 Cycle 2 shows a tran- 
sition cycle occurring during a burst of bus cycles. In 
any case, a transition cycle is the same whenever it 
occurs: it consists at least of T1, T2 (you assert 
NA# at that time), and T2P (provided the 80386 has 
an internal bus request already pending, which it al- 
most always has). T2P states are repeated if wait 
states are added to the cycle. 


Note three states (T1, T2 and T2P) are only required 
in a bus cycle performing a transition 
from non- 


pipelined address into pipelined address timing, for 
example Figure 5-17 Cycle 1. Figure 5-17 Cycles 2, 
3 and 4 show that address pipelining can be main- 
tained with two-state bus cycles consisting only of 
T1P and T2P. 


Once a pipelined bus cycle is in progress, pipelined 
timing is maintained for the next cycle by asserting 
NA# and detecting that the 80386 enters T2P dur- 
ing the current bus cycle. The current bus cycle must 
end in state T2P for pipelining to be maintained in 
the next cycle. T2P is identified by the assertion of 
ADS#. Figures 5-16 and 5-17 however, each show 
pipelining ending after Cycle 4 because Cycle 4 
ends in T21.This indicates the 80386 didn't have an 
internal bus request prior to the acknowledgement 
of Cycle 4. If a cycle ends with a T2 or T21,the next 
cycle will not be pipelined. 
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CYCLE 4 
PIPELINED 
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ADS# 
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I 
ADS# 
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SOON AS 80386 
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BUS CYCLE TO PERfORM, 
WHICH IS NOT ALWAYS 
1MMEDIATELY AfTER 
NA# 


IS ASSERTED 


CLK2 
[ 


(CLK) 
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BEO#-BE1#. 
[ 
A2- 
A31. 
M!IO#.D!C# 


W!R# 
[ 


BS16# 
[ 


READY# 
[ 


LOCK# 
[ 


00-031 
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inter 


Bua State., 
T1-first 
clock of a non-pipelined bus cycle (80386 drives new addrass and 


asserts ADS#). 
T2-subsequent 
clocks of a bus cycle when NA# has not been sampled 


asserted in the current bus cycle. 
T21-subsequent clocks of a bus cycle when NA# has been sampled as- 
serted in the current bus cycle but there is not yet an internal bus request 
pending (80388 will not drive new address or assert ADS#). 
T2P-subsequent 
clocks of a bus cycle when NA# has been sampled 


asserted in the current bus cycle and there is an internal bus request pend- 
ing (80388 drives new address and asserts ADS#). 
T1P-first 
clock of a pipelined bus cycle. 


T,......;ctlestate. 
Th-hold 
acknowledge state (80386 asserts HLDA). 


Asserting NA# for pipelined address gives access to three more bus 
states: T21.T2P and T1P. 
Using pipelined address. the fastest bus cycle consists of T1P and T2P. 


Realistically, address pipelining is almost always 
maintained as long as NA# is sampled asserted. 
This is so because in the absence of any other re- 
quest, a code prefetch request is always internally 
pending until the instruction decoder and code pre- 
fetch queue are completely full. Therefore address 
pipelining is maintained for long bursts of bus cycles, 
if the bus is available (Le., HOLD negated) and NA# 
is sampled asserted in each of the bus cycles. 


5.4.3.6 PIPELINED 
ADDRESS 
WITH 
DYNAMIC 


DATA 
BUS SIZING 


The Bs16# 
feature allows easy interface to 16-bit 


data buses. When asserted, the 80386 bus interface 


hardware performs appropriate action to make the 
transfer using a 16-bit data bus connected 
on 


00-015. 


There is a degree of interaction, however, between 
the use of Address Pipelining and the use of Bus 
Size 16. The interaction results from the multiple bus 
cycles required when transferring 32-bit operands 
over a 16-bit bus. If the operand requires both 16-bit 
halves of the 32-bit bus, the appropriate 80386 ac- 
tion is a second bus cycle to complete the operand's 
transfer. It is this necessity that conflicts with NA# 
usage. 


When NA# is sampled asserted, the 80386 commits 
itself to perform the next internally pending bus re- 


inter 


quest, and is allowed to drive the next internally 
pending address onto the bus. Asserting NA# there- 
fore makes it impossible for the next bus cycle to 
again access the current address on A2-A31, such 
as may be required when 8516# 
is asserted by the 


external hardware. 


To avoid conflict, the 80386 is designed with follow- 
ing two provisions: 
1) To avoid conflict, 8516# 
must be negated in the 


current bus cycle if NA# 
has already been 


sampled asserted in the current cycle. If NA# is 
sampled asserted, the current data bus size is as- 
sumed to be 32 bits. 


2) To also avoid conflict, if NA# and B516# 
are 


both asserted during the same sampling window, 
8516# 
asserted has priority and the 80386 acts 


as if NA# 
was negated at that time. Internal 


80386 circuitry, shown conceptually in Figure 5- 
18, assures that 8516# 
is sampled asserted and 


NA# is sampled negated if both inputs are exter- 
nally asserted at the same sampling window. 


A TRANSFER 
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CYCLES ON 
16-BIT 
BUS 


CYCLE l~YCLE 
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NON-PIPELINED 
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T2 
T2 
T1 
T2 
T2 


BEON, BE1N [ 


BE2N. 
BE3N, [ 
A2. 
A31. 


M/ION,D/CN 


W/RN 
[ 


ADSN [ 


CYCLE 2 


NON-PIPELINED 


(READ) 


dO-d15 
--~ 


d16-d31 
--~ 


Key: On = physical data pin n 
231630-25 
dn = logical 
data bit n 
Cycles 
1 and 2 are pipe lined. Cycle 1a cannot 
be pipelined, 
but its address 
can be inferred 
from that of Cycle 1, to externally 
simulate 
address 
pipe lining during 
Cycle 1a. 


inter 


Certain types of 16-bit or 8·bit operands require no 
adjustment for correct transfer on a 16-bit bus. 
Those are read or write operands using only the low- 
er half of the data bus, and write operands using 
only the upper half of the bus since the 80386 simul- 
taneously duplicates the write data on the lower half 
of the data bus. For these patterns of Byte Enables 
and the R/W# 
signals, B816# need not be assert- 


ed at the 80386, allowing NA# to be asserted during 
the bus cycle if desired. 


5.4.4 
Interrupt Acknowledge 
(INTA) 
Cycles 


In response to an interrupt request on the INTR in- 
put when interrupts are enabled, the 80386 performs 


ADS*[ 


NA*[ 


PREVIOUS I 
CYCLE 


T2 
T1 


INTERRUPT 
ACKNOWLEDGE 
CYCLE 
1 


T2 
T2 


two interrupt acknowledge cycles. These bus cycles 
are similar to read cycles in that bus definition sig- 
nals define the type of bus activity taking place, and 
each 
cycle 
continues 
until 
acknowledged 
by 


READYII sampled asserted. 


The state of A2 distinguishes the first and second 
interrupt acknowledge cycles. The byte address 
driven during the first interrupt acknowledge cycle is 
4 (A31-A3 
low, A2 high, BE311-BE1 II high, and 


BEOII low). The address driven during the second 
interrupt acknowledge cycle is 0 (A31-A2 
low, 


BE311-BE1# high, BEOII low). 


INTERRUPT 


ACKNOWLEDGE 


CYCLE 
2 


IGNORED 
--cp-- 


VECTOR 
--@--- 
--cp--- 


Interrupt Vector (0-255) is read on 00-07 
at end of second Interrupt Acknowledge bus cycle. 
Because each Interrupt Acknowledge bus cycle is followed by idle bus states. asserting NA# has no practical effect. Choose the approach 
which is simplest for your system hardware design. 


CYCLE 
1 
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NON-PIPELINED 


(WRITE) 


T1 
T2 
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A2-A31. 
[ 
D/c# 


ADS#[ 


NA#[ 


CYCLE 
2 
I 
IDLE 
NON-PIPELINED 


(HALT) 


T1 
T2 
Ti 


80386 
REt.4AINS 
HALTED 


UNTIL 
INTR, 
Nt.41 OR 


RESET IS ASSERTED. 
I 
I 


80386 
RESPONDS 
TO 


HOLD 
INPUT 
WHILE 
IN 


THE HALT 
STATE. 


NOTE: 
HALT 
CYCLE 
t.4UST BE 
ACKNOWLEDGED 
BY READY# 


ASSERTED. 
WAIT STATES 
t.4AY 


BE ADDED 
TO THE CYCLE 
If 
DESIRED. 


The LOCK # output 
is asserted 
from the beginning 


of the first interrupt 
acknowledge 
cycle until the end 


of the second 
interrupt 
acknowledge 
cycle. Four idle 


bus states, 
Ti, are inserted 
by the 80386 
between 


the 
two 
interrupt 
acknowledge 
cycles, 
allowing 
at 


least 
160 
ns of locked 
idle time 
for future 
80386 


speed 
selections 
up 
to 
25 
MHz 
(CLK2 
up 
to 


50 MHz), for compatibility 
with spec TRHRL 
of the 


8259A 
Interrupt 
Controller. 


During both interrupt 
acknowledge 
cycles, 
00-031 


float. No data is read at the end of the first interrupt 
acknowledge 
cycle. At the end of the second 
inter- 


rupt acknowledge 
cycle, 
the 80386 
will read an ex- 


ternal 
interrupt 
vector 
from 00-07 
of the data bus. 
The 
vector 
indicates 
the 
specific 
interrupt 
number 


(from 0-255) 
requiring 
service. 


5.4.5 
Halt Indication 
Cycle 


The 
80386 
halts 
as a result 
of executing 
a HALT 
instruction. 
Signaling 
its entrance 
into the halt state, 


a halt indication 
cycle is pertor,med. The halt indica- 


tion cycle is identified 
by the state of the bus defini- 


tion 
signals 
shown 
in 5.2.5 Bus Cycle Definition 


and a byte address 
of 2. BEO# 
and BE2# 
are the 


only signals 
distinguishing 
halt indication 
from shut- 


down indication, 
which 
drives an address 
of O. Dur- 


ing 
the 
halt 
cycle 
undefined 
data 
is 
driven 
on 


00-031. 
The halt indication 
cycle must be acknowl- 


edged by READY # asserted. 


A halted 
80386 
resumes 
execution 
when 
INTR 
(if 


interrupts 
are enabled) 
or NMI or RESET 
is assert- 


ed. 


inter 


the only signals distinguishing shutdown indication 
from halt indication, which drives an address of 2. 
During the shutdown cycle undefined data is driven 
on 00-031. The shutdown indication cycle must be 
acknowledged by READY# asserted. 


5.4.6 
Shutdown 
Indication Cycle 


The 80386 shuts down as a result of a protection 
fault while attempting to process a double fault. Sig- 
naling its entrance into the shutdown state, a shut- 
down indication cycle is performed. The shutdown 
indication cycle is identified by the state of the bus 
definition signals shown in 5.2.5 Bus Cycle 
Defini- 
tion and a byte address of O.BEO# and BE2# are 


BEl II. BE211. BE311. [ 
M/IOII, 
W/RII 


BEOII. A2-A31. 
[ 


D/CII 


ADSII [ 


NAil [ 


A shutdown 80386 resumes execution when NMI or 
RESET is asserted. 
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80386 
REMAINS SHUTDOWN 
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80386 
RESPONDS TO 


HOLD INPUT WHILE IN 
THE SHUTDOWN STATE. 


NOTE: SHUTDOWN CYCLE MUST BE 
ACKNOWLEDGED BY READYII 
ASSERTED. WAIT STATES MAY 
BE ADDED TO THE CYCLE IF 
DESIRED. 


-lFLOATINGt· 
- -- 


inter 


5.5 OTHER 
FUNCTIONAL 


DESCRIPTIONS 


5.5.1 
Entering and EXiting Hold 
Acknowledge 


The bus hold acknowledge state, Th, is entered in 
response to the HOLD input being asserted. In the 
bus hold acknowledge state, the 80386 floats all 
output or bidirectional signals, except for HLDA. 
HLDA is asserted as long as the 80386 remains in 
the bus hold acknowledge state. In the bus hold ac- 
knowledge state, all inputs except HOLD, RESET, 
BUSY#, ERROR#, and PEREa are ignored (also 
up to one rising edge on NMI is remembered for 
processing when HOLD is no longer asserted). 
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--J 
IDLE 


I 
_ 
ACKNOWLEDGE_ 
I 


TI 
Th 
Th 
Th 
TI 


8EO#-8E3# 
[ 
A2-A31. 
"/10# 


D/CH. W/R# 
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(fLOATING) 
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NOTE: 
For maximum 
design 
flexibility 
the 80386 
has no inter- 
nal pullup 
resistors 
on its outputs. 
Your design 
may re- 
quire an external 
pullup on ADS# 
and other 
80386 
out· 


puts to keep them 
negated 
during float 
periods. 


Figure 5-25. Requesting Hold from Idle Bus 


Th may be entered from a bus idle state as in Figure 
5-25 or after the acknowledgement of the current 
physical bus cycle if the LOCK# signal is not assert- 
ed, as in Figures 5-26 and 5-27. If HOLD is asserted 
during a locked bus cycle, the 80386 may execute 
one 
unlocked 
bus cycle 
before 
acknowledging 


HOLD. If asserting BS16# requires a second 16-bit 
bus cycle to complete a physical operand transfer, it 


is performed before HOLD is acknowledged, al· 
though the bus state diagrams in Figures 5-13 and 
5-20 do not indicate that detail. 


Th is exited in response to the HOLD input being 
negated. The following state will be Ti as in Figure 
5-25 if no bus request is pending. The following bus 
state will be T1 if a bus request is internally pending, 
as in Figures 5-26 and 5-27. 


Th is also exited in response to RESET being assert- 
ed. 


If a rising edge occurs on the edge-triggered NMI 
input while in Th, the event is remembered as a non- 
maskable interrupt 2 and is serviced when Th is exit- 
ed, unless of course, the 80386 is reset before Th is 
exited. 


5.5.2 
Reset During Hold Acknowledge 


RESET being asserted takes priority over HOLD be- 
ing asserted. Therefore, Th is exited in reponse to 
the RESET input being asserted. If RESET is assert- 
ed while HOLD remains asserted, the 80386 drives 
its pins to defined states during reset, as in Table 
5-3 Pin State During Reset, and performs internal 
reset activity as usual. 


If HOLD remains asserted when RESET is negated, 
the 80386 enters the hold acknowledge state before 
performing its first bus cycle, provided HOLD is still 
asserted when the 80386 would otherwise perform 
its first bus cycle. If HOLD remains asserted when 
RESET is negated, the BUSY# input is still sampled 
as usual to determine whether a self test is being 
requested, and ERROR# is still sampled as usual to 
determine whether an 80387 vs. an 80287 (or none) 
is present. 


5.5.3 Bus Activity During and 


Following Reset 


RESET is the highest priority input signal, capable of 
interrupting any processor activity when it is assert- 
ed. A bus cycle in progress can be aborted at any 
stage, or idle states or bus hold acknowledge states 
discontinued so that the reset state is established. 


RESET should remain asserted for at least 15 CLK2 
periods to ensure it is recognized throughout the 
80386, and at least 78 CLK2 periods if 80386 self- 
test is going to be requested at the falling edge. RE- 
SET asserted pulses less than 15 CLK2 periods may 
not be recognized. RESET pulses less than 78 CLK2 
periods followed by a self-test may cause the self- 
test to report a failure when no true failure exists. 
The additional RESET pulse width is required to 
clear additional state prior to a valid self-test. 
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NOTE: 
HOLD is a synchronous input and can be asserted al any CLK2 edge, provided setup and hold (123and t24) require- 
ments are met. This waveform is useful for delermining Hold Acknowledge latency. 


Provided the RESET falling edge meets setup and 
hold times t25 and t26. the internal processor clock 
phase is defined at that time, as illustrated by Figure 
5-28 and Figure 7-7. 


An 80386 self-test may be requested at the time RE- 
SET is negated by having the BUSY# input at a 
LOW level, as shown in Figure 5-28. The self-test 
requires (220) + approximately 60 CLK2 periods to 
complete. The self-test duration is not affected by 
the test results. Even if the self-test indicates a prob- 
lem. the 80386 attempts to proceed with the reset 
sequence afterwards. 


After the RESET falling edge (and after the self-test 
if it was requested) the 80386 performs an internal 
initialization sequence for approximately 350 to 450 
CLK2 periods. Also during the initialization, between 
the 20th CLK2 period and the first bus cycle, the 
ERROR# input is sampled to determine the pres- 
ence of an 80387 coprocessor versus the presence 
of an 80287 (or no coprocessor). During this time 
period, BUSY# must be HIGH. To distinguish be- 
tween an 80287 being present and no coprocessor 
being present requires a software test. 


inter 
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NOTE: 
HOLD is a synchronous input and can be asserted at any CLK2 edge, provided setup and hold (t23 and t24) require· 
ments are met. This waveform is useful for determining Hold Acknowledge latency. 


Upon 
completion 
of 
self-test. 
(if self-test 
was 
re- 
quested 
by 
holding 
BUSY # 
LOW 
at 
least 
eight 
CLK2 
periods 
before 
and after 
the falling 
edge 
of 
RESET), the EAX register will contain 
a signature 
of 
OOOOOOOOhindicating 
the 803tl6 
passed 
its self-test 
of microcode 
and major PLA contents 
with no prob- 
lems 
detected. 
The 
passing 
signature 
in 
EAX. 
OOOOOOOOh.applies to all 80386 revision 
levels. Any 
non-zero 
signature 
indicates 
the 80386 unit is faulty. 


5.7 COMPONENT 
AND REVISION 
IDENTIFIERS 


To assist 80386 users, the 80386 after reset holds a 
component 
identifier 
and a revision identifier 
in its OX 


register. 
The upper 8 bits of OX hold 03h as identifi- 
cation of the 80386 
component. 
The lower 8 bits of 
OX hold an 8-bit unsigned 
binary 
number 
related 
to 
the component 
revision 
level. The revision 
identifier 
begins chronologically 
with a value zero and is sub- 
ject to change 
(typically 
it will be incremented) 
with 
component 
steppings 
intended 
to have certain 
im- 
provements 
or distinctions 
from previous 
steppings. 


These 
features 
are intended 
to assist 
80386 
users 
to a practical 
extent. 
However. 
the revision 
identifier 
value is not guaranteed 
to change 
with every 
step- 
ping revision, 
or to follow 
a completely 
uniform 
nu- 
merical 
sequence, 
depending 
on the type or inten- 
tion of revision, 
or manufacturing 
materials 
required 
to be changed. 
Intel has sole discretion 
over these 
characteristics 
of the component. 
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NOTES: 
1. BUSY 11 should 
be held 
stable 
for 8 CLK2 
periods 
before 
and 
atter 
the CLK2 
period 
in which 
RESET 
falling 
edge 


occurs. 
2. If self-test 
is requested. 
the 80386 
outputs 
remain 
in their reset state as shown 
here and in Table 
5-3. 


80386 
Component 
Revision 
80386 
Component 
Revision 
Stepping 
Stepping 


Name 
Identifier 
Identifier 
Name 
Identifier 
Identifier 


80 
03 
03 
81 
03 
03 


The 80386 provides an automatic interface for the 
Intel 80387 numeric floating-point coprocessor. The 
80387 coprocessor uses an I/O-mapped interface 
driven automatically by the 80386 and assisted by 
three dedicated signals: BUSY#, ERROR#, and 
PEREQ. 


As the 80386 begins supporting a coprocessor in- 
struction, it tests the BUSY# and ERROR# signals 
to determine if the coprocessor can accept its next 
instruction. Thus, the BUSY# and ERROR# inputs 
eliminate the need for any "preamble" bus cycles 
for communication between processor and coproc- 
essor. The 80387 can be given its command opcode 
immediately. The dedicated signals provide instruc- 
tion synchronization, and eliminate the need of using 
the 80386 WAIT opcode (9Bh) for 80387 instruction 
synchronization (the WAIT opcode was required 
when 8086 or 8088 was used with the 8087 coproc- 
essor). 


Custom coprocessors can be included in 80386- 
based systems, via memory-mapped or I/O-mapped 
interfaces. Such coprocessor interfaces allow a 
completely custom protocol, and are not limited to a 
set of coprocessor protocol "primitives". 
Instead, 
memory-mapped or I/O-mapped interfaces may use 
all applicable 80386 instructions for high-speed co- 
processor 
communication. 
The 
BUSY# 
and 


ERROR# inputs of the 80386 may also be used for 
the custom coprocessor interface, if such hardware 
assist is desired. These signals can be tested by the 
80386 WAIT opcode (9Bh). The WAIT instruction 
will wait until the BUSY# input is negated (interrupt- 
able by an NMI or enabled INTR input), but gener- 
ates an exception 16 fault if the ERROR# pin is in 
the asserted state when the BUSY# goes (or is) 
negated. If the custom coprocessor interface is 
memory-mapped, protection of the addresses used 


for the interface can be provided with the 80386 on- 
chip paging or segmentation mechanisms. If the 
custom interface is I/O-mapped, protection of the 
interface can be provided with the 80386 10PL (I/O 
Privilege Level) mechanism. 


The 80387 numeric coprocessor interface is I/O 
mapped as shown in Table 5-11. Note that the 
80387 coprocessor interface addresses are beyond 
the Oh-FFFFhrange for programmed I/O. When the 
80386 supports the 80387 coprocessor, the 80386 
automatically generates bus cycles to the coproces- 
sor interface addresses. 


Table 5·11. Numeric Coprocessor 


Port Addresses 


Address 
In 
80387 


80386 
Coprocessor 


1/0 Space 
Register 


800000F8h 
Opcode Register 
(32-bit port) 


800000FCh 
Operand Register 
(32-bit port) 


To correctly map the 80387 registers to the appro- 
priate I/O addresses, connect the 80387 CMDO# 
pin directly to the A2 output of the 80386. 


5.8.1 
Software 
Testing for 


Coprocessor 
Presence 


When software is used to test for coprocessor 
(80387) presence, it should use only the following 
coprocessor opcodes: FINIT, FNINIT, FSTCW mem, 
FSTSW mem, FSTSW AX. To use other coproces- 
sor opcodes when a coprocessor is known to be not 
present, first set EM = 1 in 80386 CRO. 


Vcc and GND connections must be made to multi- 
ple Vcc and Vss (GND) pins. Each Vcc and Vss 
must be connected to the appropriate voltage level. 
The circuit board should include Vcc 
and GND 


planes for power distribution and all Vcc and Vss 
pins must be connected to the appropriate plane. 
In this section, the physical packaging and its con- 
nections are described in detail. 


NOTE: 
Pins identified as "N.C." should remain completely 
unconnected. 


The 80386 pinout as viewed from the top side of the 
component is shown by Figure 6-1. Its pinout as 
viewed from the Pin side of the component is Figure 
6-2. 


•...• 
•...• 
•...• 
...., 
...., 
...., 
PEREQ 
NI,II ERROR* 


•...• 
•...• 
...., 
...., 
...., 


LOCK* W/R* 
VCC 
•...• 
•...• 
•...• 
...., 
...., 
...., 
vss 
vss o/c* 


""" 
,... 
•...... 
'" 
,..... 
,..... 
'" 
...., 
...., 
....., 
...., 
•.....• 
...., 
•....•. 


VCC 
CLK2 
BEO* 
VCC 
VCC 
NC 
104/10* 


""" 
'" 
,... 
,... 
,... 
""" 
,... 
,... 
""" 
,... 
,... 
""" 
""" 
,... 
...., - - 
...., 
...., 
...., 
...., 
...., - 
...., 
...., 
...., 
...., 
...., 


013 
011 
VCC 
08 
05 
VSS 
01 
REAOY* 
NC 
NC 
NA* 
BEl * 
BE2* 
BE3* 
,... 
,... 
""" 
,... 
,... 
""" 
,... 
,... 
,... 
,... 
""" 
""" 
,... 
,... 
...., - - 
...., 
...., 
...., 
...., - 
...., 
...., 
...., 
...., 
...., - 


VSS 
09 
HLOA 
06 
04 
03 
02 
VCC 
VSS 
AOS* 
HOLD BS16* 
VSS 
VCC 


A 
8 
C 
D 
E 
f 
G 
H 
K 
L 
t.4 
N 
P 


0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
VCC 
VSS 
1.8 
All 
1.14 
1.15 
1.16 
1.17 
1.20 
1.21 
1.23 
1.26 
1.27 
1.30 


2 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
2 


VSS 
1.5 
1.7 
1.10 
1.13 
VSS 
VCC 
1.18 
VSS 
1.22 
1.24 
1.29 
1.31 
VCC 


3 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
3 
1.3 
1.4 
1.6 
1.9 
1.12 
VSS 
VCC 
1.19 
VSS 
1.25 
1.28 
VCC 
VSS 
030 


4 
0 
0 
0 
0 
0 
0 
4 


HC 
HC 
1.2 
VSS 
VCC 
029 


5 
0 
0 
0 
0 
0 
0 
5 


VCC 
VSS 
VCC 
031 
027 
026 
t.4ETAL LID 
0 
0 
6 
0 
0 
0 
0 
6 


VSS 
HC 
HC 
028 
025 
VSS 


7 
0 
0 
0 
0 
0 
0 
7 
VCC 
IHTR 
HC 
VCC 
VCC 
024 


8 
0 
0 
0 
0 
0 
0 
8 


ERROR# Ht.41 PEREO 
VSS 
023 
VCC 


9 
0 
0 
0 
0 
0 
0 
9 


VSS 
BUSY# RESET 
020 
021 
022 


10 
0 
0 
0 
0 
0 
0 
10 


VCC 
W/R# 
LOCK# 
VSS 
017 
019 


11 
0 
0 
0 
0 
0 
0 
11 


O/C# 
VSS 
VSS 
015 
016 
018 


12 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
12 


hI/IO# 
HC 
VCC 
VCC 
BEO# 
CLK2 
VCC 
DO 
VSS 
07 
VCC 
010 
012 
014 


13 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
13 


BE3# 
BE2# 
BE1# 
HA# 
HC 
HC 
REAOY# 01 
VSS 
05 
08 
VCC 
011 
013 


14 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
14 
VCC 
VSS 
BSI6# 
HOLD AOS# 
VSS 
VCC 
02 
03 
04 
06 
HLOA 
D9 
VSS 


A 
8 
C 
D 
E 
f 
G 
H 
K 
L 
t.4 
N 
P 


231630-34 


Figure 6-2. 80386 PGA Pinout-View 
from Pin Side 
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Table6·1.80386 PGA Pinout-FunctionalGrouping 


Pin1Signal 
Pin1Signal 
Pin1Signal 
Pin1Signal 


N2 
A31 
M5 
031 
A1 
Vcc 
A2 
Vss 
P1 
A30 
P3 
030 
A5 
Vcc 
A6 
Vss 
M2 
A29 
P4 
029 
A7 
Vcc 
A9 
Vss 
L3 
A28 
M6 
028 
A10 Vcc 
B1 
Vss 
N1 
A27 
N5 
027 
A14 Vcc 
B5 
Vss 
M1 
A26 
P5 
026 
C5 
Vcc 
B11 Vss 
K3 
A25 
N6 
025 
C12 Vcc 
B14 Vss 
L2 
A24 
P7 
024 
012 Vcc 
C11 Vss 
L1 
A23 
N8 
023 
G2 
Vcc 
F2 
Vss 
K2 
A22 
P9 
022 
G3 
Vcc 
F3 
Vss 
K1 
A21 
N9 
021 
G12 Vcc 
F14 Vss 
J1 
A20 
M9 
020 
G14 Vcc 
J2 
Vss 
H3 
A19 
P10 
019 
L12 Vcc 
J3 
Vss 
H2 
A18 
P11 
018 
M3 
Vcc 
J12 Vss 
H1 
A17 
N10 
017 
M7 
Vcc 
J13 Vss 
G1 
A16 
N11 
016 
M13 Vcc 
M4 
Vss 
F1 
A15 
M11 
015 
N4 
Vcc 
M8 
Vss 
E1 
A14 
P12 
014 
N7 
Vcc 
M10 Vss 
E2 
A13 
P13 
013 
P2 
Vcc 
N3 
Vss 
E3 
A12 
N12 
012 
P8 
Vcc 
P6 
Vss 
01 
A11 
N13 
011 
P14 Vss 
02 
A10 
M12 
010 
03 
A9 
N14 
09 
F12 CLK2 
A4 
N.C. 


C1 
A8 
L13 
08 
B4 
N.C. 


C2 
A7 
K12 
07 
E14 AOS# 
B6 
N.C. 


C3 
A6 
L14 
06 
B12 N.C. 


B2 
A5 
K13 
05 
B10 
W/R# 
C6 
N.C. 
B3 
A4 
K14 
04 
A11 
O/C# 
C7 
N.C. 
A3 
A3 
J14 
03 
A12 
M/IO# 
E13 N.C. 
C4 
A2 
H14 
02 
C10 
LOCK# 
F13 N.C. 


A13 
BE3# 
H13 
01 
B13 
BEU 
H12 
00 
013 NA# 
C8 
PEREQ 
C13 
BEH 
C14 
BS16# 
B9 
BUSY# 
E12 
BEO# 
G13 
REAOY# 
A8 
ERROR# 
014 
HOLO 
C9 
RESET 
M14 
HLOA 
B7 
INTR 
B8 
NMI 
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r::- 
a;- 
r::- 
-;0 
;;;- 
'" 
N 
III 
'" 
0 
CD 
0 
.,. 
110 
'!; 
'" 
.,. .,. 
~ 
110 
'" 


110 - 


,..; 
'" 
eO 


-::- d. ~ e -::- 
-::- 
-::- 
-::- 


C1N 
1/1 POSITION 


1 
.@@@@@@'I@@@@@@@ 


2 
@@@@@@@@@@@@@@ 


3 
@@~@@@@,@@@@~@@ 


4 
@@@ 
@@@ 


5 
@@@ 
@@@ 


6 
@@@ 
I 
@@@ 


7 
_@@~ 
__ +__ 
~@~ 


8 
@@@ 
@@@ 


9 
@@@ 
I 
@@@ 


10 
@@@ 
@@@ 


11 
@@@ 
@@@ 


12 
@ @ ~ 
@@@@,@@@@ 
@ @ 


13 
@ @@@@@@I@@@@ 
@@@ 


14 
@ @ (!) (!) @ @ @,@ @ @ @ @ @ @ 


C 
0 
E 
F 
G 
H 
J 
K 
L 
tot 
N 
PIi 
.020 (0.508) 
020 
- 


MIN TYP 
(0.508) 
• 


.070 (1 .777) 
DIA 


TYP BRAZE PAD 


1.450(36.802) 
------- 


.725 (18.401) 


.650 (16.497) 


.550 (13.959) 


.450 (11.421) 


.350 (8.883) 


.250 (6.345) 


.150 (3.807) 


.050 (1.269) 
o 


SWEDGE PIN 
STANDOFF 
(4) 
PLACES 


.001 (0.025) R 


MIN TYP 


.018(0.47) 1 


DIA TYP 
_ 


'165(4'189~1 
~ 


.110(2::LJ 


6.3 
Package 
Dimensions 
and 
Mounting 


A wide variety of available sockets allow low inser- 
tion force or zero insertion force mountings, and a 
choice of terminals such as soldertail, surface 
mount, or wire wrap. Several applicable sockets are 
listed in Table 6-2. 
The initial 80386 package is a 132-pin ceramic pin 
grid array (PGA). Pins of this package are arranged 
0.100 inch (2.54mm) center-to-center, in a 14 x 14 
matrix, three rows around. 


inter 


6.4 
PACKAGE 
THERMAL 


SPECIFICATION 


to determine 
whether 
the 80386 
is within 
specified 


operating 
range. 


The 80386 is specified 
for operation 
when case tem- 


perature 
is within 
the range of 0°C-85°C. 
The case 


temperature 
may be measured 
in any environment, 


The PGA case temperature 
should 
be measured 
at 


the center of the top surface 
opposite 
the pins, as in 


Figure 6-4. 


• 
Low insertion 
force 
(L1F) soldertail 


55274-1 


• 
Amp tests indicate 50% 
reduction 
in insertion 


force 
compared 
to machined 
sockets 


Other 
socket 
options 
• 
Zero 
insertion 
force 
(ZIF) 
soldertail 


55583-1 
• 
Zero 
insertion 
force 
(ZIF) 
Burn-in 
version 
55573-2 


Amp 
Incorporated 
(Harrisburg, 
PA 17105 U.S.A. 


Phone 717-564-0100) 


231630-45 
Cam handle 
locks 
in low profile 
position 
when 
substrate 
is installed 
(handle 
UP for 


open 
and DOWN 
for closed 
positions) 


courtesy 
Amp Incorporated 


inter 


Peel-A-WayTM 
Mylar 
and Kapton 
Peel-A-Way 
Carrier 
No. 132: 
SOLDlJl 
TAl,. 
.•..• 
LOW"'OfILI-04 
"",sam ..• 


Socket 
Terminal 
Carriers 
Kapton 
Carrier 
is KS 132 r B r 


Mylar 
Carrier 
is MS 132 
... 


, 
Low insertion 
force 
surface 
mount 
j-± 
.- 


CS132-37TG 
Molded 
Plastic 
Body 
KS132 
-+ 


, 
Low insertion 
force 
soldertail 
...• 
~ 


is shown 
below: 
~ 
CS132-01TG 
~~~.... 


~DlA. 


~A. 


• 
Low insertion force wire·wrap 
•••••• 
Ei't:' 
CS132-02TG 
(two level) 
CS132-03TG 
(three·level) 
wtM~AP"'o03 
IOlDI!"TAIL-U 
IUlitfAa MOUtmHO·n' 


, 
Low insertion 
force 
press-fit 
FOOT PttINT NO. 112 
Ii 


NIL.••.·•• " 
!~ 


CS132-05TG 
1-'.•••10.--1 
:;w 
C 
R 


... 


Advanced 
Interconnection. 


~ 


(5 Division 
Street 
~~ 
~ 
Warwick. 
RI 02818 
U.S.A. 
'&"4 
-:i 


Phone 
401-885-0485) 
-'11-- .100TY' 
~ 
SLIVaL 
1lo-n•... 


, •• 
14J1'''OWI 
.... 


231630-46 
231630-47 
courtesy 
Advanced 
Interconnections 
(Peel-A-Way 
Terminal 
Carriers 
U.S. Patent 
No. 4442938) 


, 
Low insertion 
force 
socket 
soldertail 
..- 
-- 
-- •• 
0 


(for production 
use) 
Ti-------~'!' 
(\J 
\D 


2XX-6576-00-3308 
(new style) 
.. 
II 
If) 


2XX-6003-00-3302 
(older 
style) 
ii 
::@ 


• Zero insertion force soldertail 
:: 
!!~ 


(for test and burn·in 
use) 
II 
' 'u 
CJ 


2XX-6568-00-3302 
.~-------l~ 
,-------- .. 


Tenool 
Producta 
I 
Electronic 
Products 
Division/3M 
(1410 
West 
Pioneer 
Drive 
Ci. 


Irving. Texas 
75601 
U.S.A. 


I 
I 


~ 


Phone 
214-259-2676) 
I 
II 


01 1.._______ 
1 I 
0 


Ci. 
I 


courtesy 
Textool 
Products/3M 
231630-48 


Thermal 
Resistance 
- 
'e/Wall 


Airflow 
- 
It.!mln 
(m/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


8 Junction·to-Case 
2 
2 
2 
2 
2 
2 
2 
(case 
measured 
as Fig. 6-4) 


8 Case-to-Ambient 
19 
18 
17 
15 
12 
10 
9 
(no heatsink) 


8 Case·te-Ambient 
16 
15 
14 
12 
9 
7 
6 
(With omnidirectional 
heatsink) 


8 Case-te-Ambient 
15 
14 
13 
11 
8 
6 
5 
(with unidirectional 
heatsink) 


NOTES: 
1. Table 
6-3 applies 
to 80386 
PGA plugged 
into socket 
or soldered 
directly 
into board. 
2. 8JA = 8JC + 8CA. 


3. 8J-CAP = 4'C/w 
(approx.) 
8J-PIN = 4'C/w 
(inner 
pins) 
(approx.) 
8J.PIN = 8'C/w 
(outer 
pins) 
(approx.) 


The following sections describe recommended elec- 
trical connections for the 80386, and its electrical 
specifications. 


The 80386 is implemented in CHMOS III technology 
and has modest power requirements. However, its 
high clock frequency and 72 output buffers (address, 
data, control, and HLDA) can cause power surges 
as multiple output buffers drive new signal levels 
simultaneously. For clean on-chip power distribution 
at high frequency, 20 Vcc and 21 Vss pins separate- 
ly feed functional units of the 80386. 


Power and ground connections must be made to all 
external Vcc and GND pins of the 80386. On the 
circuit board, all Vcc pins must be connected on a 
Vcc plane. All Vss pins must be likewise connected 
on a GND plane. 


7.2.2 
Power Decoupling 
Recommendations 


Liberal decoupling capacitance should be placed 
near the 80386. The 80386 driving its 32-bit parallel 
address and data buses at high frequencies can 
cause transient power surges, particularly when driv- 
ing large capacitive loads. 


Low inductance capacitors and interconnects are 
recommended for best high frequency electrical per- 
formance. Inductance can be reduced by shortening 
circuit board traces between the 80386 and decou- 


piing capacitors as much as possible. Capacitors 
specifically for PGA packages are also commercially 
available, for the lowest possible inductance. 


The ERROR# and 8USY# inputs have resistor pull- 
ups of approximately 20 KD.built-in to the 80386 to 
keep these signals negated when neither 80287 or 
80387 are present in the system (or temporarily re- 
moved from its socket). The 8S16# input also has 
an internal pullup resistor of approximately 20 KD., 
and the PEREa input has an internal pulldown resis- 
tor of approximately 20 KD.. 


In typical designs, the external pullup resistors 
shown in Table 7-1 are recommended. However, a 
particular design may have reason to adjust the re- 
sistor values recommended here, or alter the use of 
pullup resistors in other ways. 


7.2.4 
Other Connection 
Recommendations 


For reliable operation, always connect unused in- 
puts to an appropriate signal level. N.C. pins should 
always remain unconnected. 


Particularly when not using interrupts or bus hold, 
(as when first prototyping, perhaps) prevent any 
chance of spurious activity by connecting these as- 
sociated inputs to GND: 


Pin 
Signal 


87 
INTR 
88 
NMI 
014 
HOLD 


If not using address pipelining, pullup 013 NA# to 
Vcc· 


If not using 16-bit bus size, pullup C14 8S16# 
to 


Vcc· 


Pullups in the range of 20 KD.are recommended. 


Table 7·1. Recommended 
Resistor 
Pullups to Vcc 


Pin and Signal 
PullupValue 
Purpose 


E14 
ADS# 
20 KD. ±10% 
Lightly Pull ADS# Negated 
During80386 Hold Acknowledge 
States 


C10 
LOCK# 
20 KD. ±10% 
Lightly Pull LOCK# Negated 
During 80386 Hold Acknowledge 
States 


inter 


Table 7-2 is a stress rating only, and functional 
oper- 
ation at the maximums 
is not guaranteed. 
Functional 
operating 
conditions 
are given in 7.4 D.C. SpecIfIca- 
tions 
and 7.5 A.C. Specifications. 


80386·16 
Parameter 
80386·20 
Maximum Rating 


Storage Temperature 
- 6S'C to + 1S0'C 
Case Temperature Under Bias 
-6S'C to + 110'C 
Supply Voltage with Respect to Vss 
-O.SVto 
+6.SV 
Voltage on Other Pins 
-O.SV to Vcc + O.SV 


Extended 
exposure 
to the Maximum 
Ratings may af- 


fect 
device 
reliability. 
Furthermore, 
although 
the 
80386 contains 
protective 
circuitry 
to resist damage 
from 
static 
electric 
discharge, 
always 
take 
precau- 


tions to avoid high static voltages 
or electric 
fields. 


7.4 D.C. SPECIFICATIONS 
Functional 
Operating 
Range: VCC = 5V ± 5%; TCASE = O°C to 85'C 


Symbol 
Parameter 
Unit 
Notes 


VIL 
Input low 
Voltage 
Note 1 


VIH 
Input High Voltage 


VILC 
ClK2 
Input low 
Voltage 
Note 1 


VIHC 
ClK2 
Input High Voltage 


VOL 
Output low 
Voltage 
IOL = 4mA: 
V 
IOL = 5mA: 
V 


CIN 


COUT 


CCLK 


Output High Voltage 
IOH = -1 
mA: 
A2-A'3,1, 
DO-OO1 
IOH = -0.9 
mA: 
BEO'lI!-BE3#, 
W/R#, 
Dle 
M/IO#, lOCK#, 
AD$Ii,HlDA 


Input leakage 
Current (for all pin 
e capt 
B816#, 
PER EO, BU8Y#, 
and 
ERROR#) 


Input leakage 
Curren 
«('ERE 


Input leakage 
rrent 
(B816#, 
BU 
,and 
ERROR# 
pins) 


Output lea 
& Current 


8upply Cu.rr~t 
ClK2 
= 32 MHz: with 80386-16 
ClK2 
= 40 MHz: with 80386-20 


Input Capacitance 


Output or I/O Capacitance 


ClK2 
Capacitance 


±15 
p.A 
OV s VIN S VCC 


200 
p.A 
VIH = 2.4V (Note 2) 


-400 
p.A 
VIL = 0.45V (Note 3) 


±15 
p.A 
0.45V 
S VOUT S VCC 


460 
mA 
Icc typo = 370 mA 
550 
mA 
Icc typo = 460 mA 


10 
pF 
Fe = 1 MHz (Note 4) 


12 
pF 
Fe = 1 MHz (Note 4) 


20 
pF 
Fe = 1 MHz (Note 4) 


NOTES: 
1. The min value, -0.3, 
is not 100% tested. 
2. PEREQ input has an internal pulldown resistor. 
3. BS16#, BUSY# and ERROR# inputs each have an internal pullup resistor. 
4. Not 100% tested. 
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The A.C. specifications, given in Tables 7-4 and 7-5, 
consist of output delays, input setup requirements 
and input hold requirements. All A.C. specifications 
are relative to the CLK2 rising edge crossing the 
2.0V level. 


A.C. spec measurement is defined by Figure 7-1. In- 
puts must be driven to the voltage levels indicated 
by Figure 7-1 when A.C. specifications are mea- 
sured. 80386 output delays are specified with mini- 
mum and maximum limits, measured as shown. The 


OUTPUTS 
(A2-A31. 
D/c#. BED#-BE3#. 
[ 
JT~Iij~ n 
1.5V 
ADS#. M/IO#. WIR#. LOCK#. HLDA) 


INPUTS 
(NA#. BS16#. 
[ 
INTR.NMI) 


INPUTS 
(READY#. HOLD. BUSY#. 
[ 
ERROR#. PEREO.00-031) 


LEGEND: 


@- MAXIMUM OUTPUT OELAY SPEC. 


@-MINIMUM 
OUTPUT OELAY SPEC. 


©- MINIMUM INPUT SETUP SPEC. 


@-MINIMUM 
INPUT HOLD SPEC. 


minimum 80386 delay times are hold times provided 
to external circuitry. 80386 input setup and hold 
times are specified as minimums, defining the small- 
est acceptable sampling window. Within the sam- 
pling window, a synchronous input signal must be 
stable for correct 80386 operation. 


Outputs NA#, 
W/R#, 
O/C#, 
M/IO#, 
LOCK#, 


BEO#-BE3#, 
A2-A31 
and HLOA only change at 


the beginning of phase one. 00-031 
(write cycles) 


only change at the beginning of phase two. The 
REAOY#, HOLO, BUSY#, ERROR#, PEREQ and 
00-031 
(read cycles) inputs are sampled at the be- 


ginning of phase one. The NA#, BS16#, INTR and 
NMI inputs are sampled at the beginning of phase 
two. 


NOTES: 
1. Input waveforms 
have tr s: 2.0 ns from o.BV to 2.OV. 
2. See section 
7.5.6 for typical 
output 
rise time versus 
load capacitance. 


7.5.2 A.C. Specification 
Tables 


Functional 
Operating 
Range: Vee = 5V ±5%; 
TeASE = O°C to 85°C 


Table 
7-4. 80386·20 
A.C. Characteristics 


80386-20 


-, 


Symbol 
Parameter 
Unit 
Ref. 
Notes 
Min 
Max 
Fig. 


Operating 
Frequency 
4 
20 
MHz 
Half ofCLK2 
Frequency 


t1 
CLK2 Period 
25 
125 
ns 
7-3 


t2a 
CLK2 High Time 
8 
ns 
7-3 
at2V 


t2b 
CLK2 High Time 
5 
ns 
7-3 
at (Vee - 
0.8V) 


t3a 
CLK2 Low Time 
8 
ns 
7-3 
at2V 


t3b 
CLK2 Low Time 
6 
ns 
7-3 
atO.8V 


t4 
CLK2 Fall Time 
8 
ns 
7-3 
(Vee - 
0.8V) to 0.8V 


t5 
CLK2 Rise Time 
8 
ns 
7-3 
,ol$y to (Vee - 
0.8V) 


ts 
A2-A31 
Valid Delay 
4 
30 
ns 
7-5 M = 120pF 


t7 
A2-A31 
Float Delay 
4 
32 
4- 
ns 
7~ 
• 
(Note 1) 


t8 
BEO#-BE3#, 
LOCK# 
4 
30 '\. 
ns 
~ ~1:a" 
CL = 75 pF 
Valid Delay 
I" :~ 


t9 
BEO#-BE3#, 
LOCK# 
4 
;\$2"" 
'r>'"" 


~?:.6 
(Note 1) 
Float Delay 
~.. 


tlO 
W/R#, 
M/IO#, 
D/C#, 
~~~; 


''I' 
28 V~? 


'V7-5 
CL = 75 pF 
ADS# 
Valid Delay 
/' 
~ 


t11 
W/R#, 
M/IO#, 
D/~,,: 
~6 
I 
$O)'~ I 
ns 
7-6 
(Note 1) 
ADS # Float Delay 
,~ 
,/ ~1Io. 
A 


t12 
DO-D31 
wri~~>7 
4' 
)~',' 
ns 
7-5 
CL = 120 pF 
Valid Delay 
Ia... 
'" 
/) 
" 


t13 
DO-D31 
,,'oat r..relay 
"'~ ~~4 ~;f\ 
27 
ns 
7-6 
(Note 1) 


t14 
HLDA Valid Delay .,. 
I'_~./' 
28 
ns 
7-6 
CL = 75 pF 


t15 
NA # Setup Tirw-, 
., 
~~~~ 
ns 
7-4 
I 


t16 
NA# 
Hold Jime 
') '" 
'" 
~~14 
ns 
7-4 


t17 
BS16# pelup'Time 
13 
ns 
7-4 


t18 
BSt6~~d 
Time 
21 
ns 
7-4 


t19 
RE)lJ;)'ii# 
Setup Time 
12 
ns 
7-4 


t20 
READY # Hold Time 
4 
ns 
7-4 


t21 
DO-D31 
Read 
11 
ns 
7-4 
Setup Time 


t22 
DO-D31 
Read 
6 
ns 
7-4 
Hold Time 


t23 
HOLD Setup Time 
17 
ns 
7-4 


t24 
HOLD Hold Time 
5 
ns 
7-4 


t25 
RESET Setup Time 
12 
ns 
7-7 


7.5.2 A.C. Specification 
Tables 
(Continued) 


Functional 
Operating 
Range: Vcc = 5V ± 5%; TCASE = O°C to S5°C 


Table 
7·4. 80386-20 A.C. Characteristics 
(Continued) 


Symbol 
Parameter 
80386-20 
Unit 
Ref. 
Notes 


Mln 
Max 
Fig. 


t26 
RESET Hold Time 
4 
ns 
7-7 


t27 
NMI, INTR Setup Time 
16 
ns 
7-4 
(Note 2) 


t28 
NMI, INTR Hold Time 
16 
ns 
7-4 
(Note 2) 


t29 
PEREO,ERROR#,BUSY# 
14 
ns 
7-4 
(Note 2) 
Setup Time 


tso 
PEREO,ERROR#,BUSY# 
5 
ns 
7-4 
(Note 2) 
Hold Time 


NOTES: 
1. Float condition occurs when maximum output current becomes less than ILO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 


Table 
7·5. 80386·16 A.C. Characteristics 


Symbol 
Parameter 
80386·16 
Unit 
Ref. 
Notes 


Mln 
Max 
Fig. 


Operating 
Frequency 
4 
16 
MHz 
Half ofCLK2 


uency 


t1 
CLK2 Period 
125 


t2a 
CLK2 High Time 


t2b 
CLK2 High Time 
at (Vcc 
- 
O.SV) 


tSa 
CLK2 Low Time 
at2V 


tSb 
CLK2 Low Time 
atO.SV 


t4 
CLK2 Fall Time 
(Vcc 
- 
O.SV) to O.SV 


ts 
CLK2 Rise Time 
O.SV to (Vcc 
- 
O.SY) 


te 
A2-A31 
Valid Delay 
CL = 120 pF 


t7 
A2-A31 
Float De 
(Note 1) 


te 
BEO#-BE3# 
CL = 75 pF 
Valid Delay 


t9 
BEO#-B~~#, 
LOC 
ns 
7-6 
(Note 1) 
Float Delay 


t10 
W/R#, 
M/lO#, 
33 
ns 
7-5 
CL = 75 pF 
ADS# 
Vali 
ela 


tll 
W/R# 
6 
35 
ns 
7·6 
(Note 1) 
AD 


t12 
00- 
Write Data 
4 
4S 
ns 
7·5 
CL = 120 pF 
Valid Delay 


7.5.2 A.C. Specification 
Tables 


Functional 
Operating 
Range: Vcc = 5V ±5%; 
TCASE = O°C to 85°C (Continued) 


Table 
7·5. 80386·16 
A.C. Characteristics 
(Continued) 


Symbol 
Parameter 
80386·20 
Unit 
Ref. 
Notes 


Mln 
Max 
Fig. 


t13 
00-031 
Float Delay 
4 
35 
ns 
7-6 
(Note 1) 


t14 
HLOA Valid Delay 
33 
ns 
7 
CL = 75 pF 


t15 
NA# 
Setup Time 


t16 
NA# 
Hold Time 


t17 
8S16# 
Setup Time 


t18 
8S16# 
Hold Time 


t19 
READY # Setup Time 


t20 
READY # Hold Time 


t21 
00-031 
Read 


Setup Time 


t22 
00-031 
Read 
7-4 


Hold Time 


t23 
ns 
7-4 


t24 
ns 
7-4 


t25 
ns 
7-7 


t26 
ns 
7-7 


t27 
ns 
7-4 
(Note 2) 


t28 
ns 
7-4 
(Note 2) 


t29 
ns 
7-4 
(Note 2) 


t30 
5 
ns 
7-4 
. (Note 2) 


NOTES: 
1. Float condition occurs when maximum output current becomes less than 'LO in magnitude. Float delay is not 100% 
tested. 
2. These inputs are allowed to be asynchronous to CLK2. The setup and hold specifications are given for testing purposes, 
to assure recognition within a specific CLK2 period. 


inter 


80386 


OUTPUT~ 


~CL 


CL = 120 pF on A2-A31, 00-031 
CL = 75 pF on BEO#-BE3#, 
W/R#, 
M/IO#, 
O/C#, 
AOS#, 
LOCK#, HLOA 
CL includes 
all parasitic 
capacitances. 


Tx 


CLK2 [ 


8EON-8E3N. [ 
LOCKN 


W/RN. ~/ION. [ 
O/CN.AOSN 


A2-A31 [ 


00-031 [ 
(OUTPUT) 


HLOA [ 
231630-41 


Figure 7·5. Output Valid Delay Timing 


7.5.5 
Typical Output Valid Delay Versus Load Capacitance 
at Maximum OperatIng 
Temperature 


nom+6 


•••• 
nom+3 


.=.j 
!oJ 
0 
0::;~... 
:;) 
Q.... 
:;)0 
nom-6 


NOTE: 
This graph 
will not be linear outside 
of the CL range shown. 
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7.5.6 
Typical Output Rise Time Versus Load Capacitance 
at Maximum Operating 


Temperature 


>0N 
I 
> 
GO 
ci.. 
<4 


-=- 
w~ 
>= 
2 
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NOTE: 
This graph 
will not be linear outside 
of the CL range 
shown. 


CLK2 [ 


BEOrBE3f. [ 
LOCKf 


W/Rf.II./IOf. 
[ 
D/Cf.ADSf 


A2-A31 [ 


00-031 
[ 
(HIGHZ) 


@ALSO 
APPLIES TO DATA FLOAT WHEN WRITE 
CYCLE IS FOLLOWED BY READ OR IDLE 


The 80386 in-circuit emulator product is ICE-386. 
Because of the high operating frequency of 80386 
systems and ICE-386, there is no cable separating 
the ICE-386 probe module from the target system. 
The ICE-386 probe module has several electrical 
and mechanical characteristics that should be taken 
into consideration when designing the hardware. 


Capacitive 
loading: ICE-386 adds up to 25 pF to 


each line. 


Drive 
requirement: 
ICE-386 adds one standard 


TTL load on the CLK2 line, up to one advanced low- 
power Schottky TTL load per control signal line, and 
one advanced low-power Schottky TTL load per ad- 
dress, byte enable, and data line. These loads are 
within the probe module and are driven by the 
probe's 80386, which has standard drive and load- 
ing capability listed in Tables 7-3 and 7-4. 


Power requirement: 
For noise immunity the ICE- 
386 probe is powered by the user system. The high- 
speed probe circuitry draws up to 0.7A plus the max- 
imum 80386 lee from the user 80386 socket. 


80386 location and orientation: The ICE-386 Proc- 
essor Module (PM), and the Optional Isolation Board 
(olB) 
used for extra electrical buffering of the 


1-.------ 
5.100 


'80W'-O·-CO-VE-R---==rf!H--, 
1.00 W/COVER 
t 


•13J 
r=- 


3.80L 


ICE initially, require clearance as illustrated in Fig- 
ures 7-8 and 7-9, respectively. Figures 7-8 and 7-9 
also illustrate the via holes in these modules for rec- 
ommended orientation of a screw-actuated 
ZIF 


socket. Figure 7-10 illustrates the recommended ori- 
entation for a lever-actuated ZIF socket. 


READY# drive: The ICE-386 system may be able 
to clear a user system READY# hang if the user's 
READY# driver is implemented with an open-collec- 
tor or tri-state device. 


Optional Interface Board (OIB) and CLK2 speed 
reduction: 
When the ICE-386 processor probe is 


first attached to an unverified user system, the olB 
helps ICE-386 function in user systems with bus 
faults (shorted signals, etc.). After electrical verifica- 
tion it may be removed. Only when the olB is in- 
stalled, the user system must have a reduced CLK2 
frequency of 16 MHz maximum. 


Cache coherence: 
ICE-386 loads user memory by 


performing 80386 write cycles. Note that if the user 
system is not designed to update or invalidate its 
cache (if it has a cache) upon processor writes to 
memory, the cache could contain stale instruction 
code and/or data. For best use of ICE-386, the user 
should consider designing the cache (if any) to up- 
date itself automatically when processor writes oc- 
cur, or find another method of maintaining cache 
data coherence with main user memory. 


'I 
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Figure 7·10. Recommended 
Orientation 
of Lever-Actuated 
ZIF Socket 
for ICE-386 
Use 


This section describes the 80386 instruction set. A 
table lists all instructions along with instruction en- 
coding diagrams and clock counts. Further details of 
the instruction encoding are then provided in the fol- 
lowing sections, which completely describe the en- 
coding structure and the definition of all fields occur- 
ring within 80386 instructions. 


8.1 
80386 
INSTRUCTION 
ENCODING 


AND CLOCK COUNT 
SUMMARY 


To calculate elapsed time for an instruction, multiply 
the instruction clock count, as listed in Table 8-1 
below, by the processor clock period (e.g. 62.5 ns 
for an 80386-16 operating at 16 MHz (32 MHz CLK2 
signal) and 50 ns for an 80386-20). 


For more detailed information on the encodings of 
instructions refer to section 8.2 Instruction Encod- 
ings. Section 8.2 explains the general structure of 
instruction encodings, and defines exactly the en- 
codings of all fields containeq within the instruction. 


Instruction Clock Count Assumptions 
1. The instruction has been prefetched, decoded, 


and is ready for execution. 


2. Bus cycles do not require wait states. 
3. There are no local bus HOLD requests delaying 


processor access to the bus. 


4. No exceptions are detected during instruction ex- 


ecution. 


5. If an effective address is calculated, it does not 


use two general register components. One regis- 
ter, scaling and displacement can be used within 
the clock counts shown. However, if the effective 
address calculation uses two general register 
components, add 1 clock to the clock count 
shown. 


Instruction Clock Count Notation 
1. If two clock counts are given, the smaller refers to 


a register operand and the larger refers to a mem- 
ory operand. 


2. n = number of times repeated. 
3. m = number of components in the nex1instruc- 


tion executed, where the entire displacement (if 
any) counts as one component, the entire imme- 
diate data (if any) counts as one component, and 
each of the other bytes of the instruction and pre- 
fix(es) each count as one component. 


inter 


" 
Table 8·1. 80386 Instruction 
Set Clock Count Summary 


CLOCK COUNT 
NOTES 


Reel 
Real 
INSTRUCTION 
FORMAT 
Add •• 11 
Protected 
Addre •• 
Protected 


Mode or 
Virtual 
Mode or 
Vlrtua' 


Virtual 
Add •••• 
Virtual 
Addre •• 


8088 
Mode 
8088 
Mode 


0 
Mode 
Mode 


GENERAL 
DATA TRANSFER 


MOV - 
Move: 


Register to Register/Memory 
I 
1000100w 
1mod reg 
rIm I 
2/2 
2/2 
b 
h 


Reglsler/Memory 
to Register 
I 
1000101w 
1mod reg 
rIm I 
2/4 
2/4 
b 
h 


Immediate to Reglster/Memory 
I 
1100011 
w ImodOOO 
rim I immediate 
data 
2/2 
2/2 
b 
h 


Immediate to Register (short form) 
1011 
w 
reg I immediate data 
2 
2 


Memory to Accumulator 
(short form) 
1010000w 
1 lull displacement 
4 
4 
b 
h 


Accumulator 
to Memory (short form) 
1010001w 
I full displacement 
2 
2 
b 
h 


Register Memory to Segment Register 
10001110 
I modsreg3 
r/ml 
2/5 
18/19 
b 
h,l,j 


Segment Register to Register/Memory 
10001100 
1modsreg3 
r/ml 
2/2 
2/2 
b 
h 


MOVSX = Move With Sign Extenllon 


Register From Register/Memory 
1 
0000 
11 I 1 
1 1011 
I 1 I w I mod reg 
rIm 1 
3/6 
3/6 
b 
h 


MOVZX = Move With Zero Extenllon 


Register From Reglster/Memory 
I 
00001111 
1 101101 
I w 
1mod reg 
rIm I 
3/6 
3/6 
b 
h 


PUSH - 
Pueh: 


Reglster/Memory 
I 
11111111 
1modI 
10 
rIm 1 
5 
5 
b 
h 


Register (short lorm) 
01010 
reg 1 
2 
2 
b 
h 


Segment Register (ES, CS, SS or OS) 
000sreg211O 
1 
2 
2 
b 
h 


Segment Register (FS or GS) 
00001111 
1 10sreg3000 
I 
2 
2 
b 
h 


Immediate 
011010s0 
I immediate data 
2 
2 
b 
h 


PUSHA = PUlh All 
01100000 
1 
18 
18 
b 
h 


POP = Pop 


Reglster/Memory 
I 
1000111 
I I modOOO 
rIm 1 
5 
5 
b 
h 


Regl.ter 
(ahort form) 
10101 
I 
reg I 
4 
4 
b 
h 


Segment Register (ES, SS or OS) 
I 000sreg21 
I 11 
7 
21 
b 
h,l,j 


Segment Register (FS or GS) 
I 
00001111 
1 1 0.,eg300 
1 I 
7 
21 
b 
h,l,j 


POPA - 
Pop All 
I 
01100001 
1 
24 
24 
b 
h 


XCHG = Exchange 


Register IMemory 
With Register 
I 
1000011w 
I mod reg 
rIm 1 
3/5 
3/5 
b,f 
f, h 


Register With Accumulator 
(short form) 
110010 
reg 1 
ClkCount 
3 
3 


IN = Input from: 


Virtual 
8088 Mode 


Fixed Port 
I 
111001 
Ow I 
port number 
126 
12 
6'/26" 
m 


Variable Port 
I 
1110110w 
1 
127 
13 
7'/27" 
m 


OUT = OUtput to: 


Fixed Port 
I 
11 I 001 
I w I 
port number 
124 
10 
4'/24" 
m 


Variable Port 
I 
1 I 101 
I 1 w 
1 
125 
II 
5'/25" 
m 


LEA - 
Load EA to Regllter 
I 
10001 
101 
I mod reg 
r/ml 
2 
2 


IIUlle 0"1. ou~ov InllUUC1IQn~el "IQCI\ "Qunl ~ummilr 
vUlllIJIUt::tU 


CLOCK COUNT 
NOTES 


Reel 
Reel 


INSTRUCTION 
FORMAT 
Add •••• 
Protected 
Addre •• 
Protected 


Mode or 
Vlrtuel 
Mode or 
Virtual 


Vlrtuel 
Addre •• 
Vlrtuel 
Addre •• 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


SEGMENT CONTROL 


LOS ~ Load Pointer to OS 
11000101 
mod reg 
rim 
22 
b 
h,i,i 


l 


LES = Load Pointer to ES 
11000100 
mod reg 
rim 
22 
b 
h, i,'i 


LFS ~ Load Pointer to FS 
00001111 
10110100 
mod reg 
r/ml 
25 
b 
h,i,i 


LGS ~ Load Pointer to GS 
00001111 
10110101 
mod reg 
r/ml 
25 
b 
h,i,i 


LSS ~ Load Pointer to SS 
00001111 
10110010 
mod reg 
rim I 
22 
h,i,i 


FLAG CONTROL 


CLC ~ Clear Carry Flag 
11111000 


CLD = Clear Direction 
Flag 
11111100 


CLI - 
Clear Interrupt 
Enable Flag 
11111010 
m 


CLTS ~ Clear Taak Switched 
Flag 
00001111 
00000110 


CMC ~ Complement 
Carry Flag 
11110101 


LAHF = Load AH Into F)ag 
10011111 


POPF - 
Pop Flaga 
10011101 
b 
h, n 


PUSHF - 
Puah Flaga 
10011100 
4 
4 
h 


SAHF ~ Store AH Into Flaga 
10011110 


STC - 
set Carry Flag 
11111001 
2 


STD ~ set Direction 
Flag 
11111001 
2 


STI ~ set Interrupt 
Enable Flag 
11111011 
8 
8 
m 


ARITHMETIC 


ADD - 
Add 


Register to Register 
OOOOOOdw 
I mod reg 
rim I 
2 
2 


Register to Memory 
OOOOOOOw I mod reg 
rim I 
b 


Memory to Register 
0000001w 
I mod reg 
rim I 
6 
6 
b 
h 


Immediate to Register/Memory 
1000005W 
I modOOO 
rim I immediate data 
2/7 
2/7 
b 


Immediate to Accumulator 
(short form) 
0000010w 
immediate data 
2 
2 


ADC ~ Add With Carry 


Register to Register 
000100dw 
mod reg 
rim I 


Register to Memory 
0001000w 
mod reg 
rim I 


Memory to Register 
0001001w 
mod reg 
r/ml 


Immediate to Register/Memory 
1000005W 
mod 0 10 
r/ml 
immediate dats 
2/7 
2/7 


Immediate to Accumulator 
(short form) 
0001010w 
immediate dats 
2 


IHe = Increment 


Register/Memory 
1111111w 
ImadOOO 
rim I 
2/6 
2/6 


Register (short form) 
101000 
reg I 
2 


SUB ~ Subtract 


Register from Register 
001010dw 
I mod reg 
rim I 
2 
2 


4-108 


inter 


Table 8-1. 80386 Instruction 
Set Clock Count SummarY (Continued) 


CLOCK COUNT 
NOTES 


Real 
Real 


INSTRUCTION 
FORMAT 
Addre •• 
Protected 
Address 
Protected 


Mode or 
Virtual 
Mode or 
Virtual 


Virtual 
Addre •• 
Virtual 
Address 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


ARITHMETIC 
(Continued) 


Register from Memory 
I 0010100w 
Imodreg 
r/ml 
7 
7 
b 
h 


Memory from Register 
I 0010101 
w 
1mod reg 
r/ml 
6 
6 
b 
h 


Immediate from Register/Memory 
11 OOOOOsw 
Imod 101 
r/ml immediate data 
2/7 
2/7 
b 
h 


Immediate from Accumulator 
(short form) 
10010110wl 
immediate data 
2 
2 


SBB - 
Subtract 
with Borrow 
, 


Register from Register 
00011 
Odw 
!modreg 
r/ml 
2 
2 


Register from Memory 
00011 
OOw 
Imodreg 
r/ml 
7 
7 
b 
h 


Memory from Register 
0001101w 
ImOdreg 
r/ml 
6 
6 
b 
h 


lmmediate 
from Register IMemory 
1 OOOOOsw 
1mod 0 11 
r/ml immediate data 
2/7 
2/7 
b 
h 


Immediate from Accumulator 
(short form) 
0001110wl 
immediate data 
2 
2 


DEe = Decrement 


Register/Memory 
I 1111111 
w 
1reg 0 0 1 
r/ml 
2/6 
2/6 
b 
h 


Register (short form) 
101001 
regl 
2 
2 


CMP - 
Compare 


Register with Register 
100111 
Odw 
Imodreg 
r/ml 
2 
2 


Memory with Register 
100111 
OOw 
Imodreg 
r/ml 
5 
5 
b 
h 


Register with Memory 
I 0011101 
w 
1mod reg 
r/ml 
6 
6 
b 
h 


Immediate with Register/Memory 
11 OOOOOsw 
1mod 111 
r/ml 
immediate data 
2/5 
2/5 
b 
h 


Immediate with Accumulator 
(short form) 
1001111 
Ow 
1 
immediate data 
2 
2 


NEG = Change 
Sign 
I 1 111011w 
Imod011 
r/ml 
2/6 
2/6 
b 
h 


AAA = ASCII Adjust 
lor Add 
I 00110111 
1 
4 
4 


AAS ~ ASCII AdJustlor 
Subtract 
00111111 
, 
4 
4 
. 


DAA = Decimal 
Adjust 
lor Add 
00100111 
4 
4 


DAS ~ Decimal 
Adjust 
lor Subtract 
I 00101111 
1 
4 
4 


MUL - 
Multiply 
(unsigned) 


Accumulator 
with Register/Memory 
I 1111011 
w 
1mod 100 
r/ml 


Multiplier-Byte 
12-17/15-20 
12-17/15-20 
b, d 
d, h 


-Word 
12-25/15-26 
12-25/15-28 
b, d 
d, h 


-Doubleword 
12-41/15-44 
12-41/15-44 
b, d 
d, h 


IMUL ~ Integer 
Multiply 
(.Igned) 


Accumulator 
with Register/Memory 
I 1 11 101 
1 w 
1mod 101 
r/ml 


Muitiplier-Byte 
12-17/15-20 
12-17/15-20 
b, d 
d, h 


-Word 
12-25/15-28 
12-25/15-28 
b, d 
d,h 


·Ooubleword 
12-41/15-44 
12-41/15-44 
b, d 
d, h 


Register with Register/Memory 
I 00001111 
1 10101111 
Imod reg 
r/ml 


Multiplier-Byte 
12-17/15-20 
12-17/15-20 
b,d 
d, h 
-Word 
12-25/15-28 
12-25/15-28 
b,d 
d, h 
-Ooubleword 
12-41/15-44 
12-41/15-44 
b, d 
d, h 


Register/Memory 
with Immediate to Register I 011010 
s 1 
1mod reg 
r/ml 
immediate data 


·Word 
13-26/14-27 
13-26/14-27 
b,d 
d, h 
-Doubleword 
13-42/14-43 
13-42/14-43 
b,d 
d, h 
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Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 


CLOCK COUNT 
NOTES 


Aeel 
Aeel 


INSTAUCTION 
FOAMAT 
Addre •• 
Protected 
Addre •• 
Protected 


Mode or 
Vlrtuel 
Mode or 
Vlrtuel 


Vlrtuel 
Addre •• 
Vlrtuel 
Addreee 


8088 
Mode 
8088 
Mode 


Mode 
Mode 


AAITHMETIC 
(Continued) 


DIV = Divide (Unelgned) 


Accumulator 
by ReglsterlMemory 
I 1 , 1 1 01 1 w Imod 1 1 0 
r/ml 


D1vlsor-Byte 
14/17 
14/17 
b,e 
e,h 


-Word 
22/25 
22/25 
b,e 
e,h 


-Doubleword 
38/41 
38/41 
b,e 
e,h 


IDIV = Integer 
Divide (Signed) 


Accumulator 
By ReglsterlMemory 
1 , 1 , 1011 
w 1mod 11 1 
r/ml 


Divisor-Byte 
19/22 
19/22 
b,e 
e,h 


-Word 
27/30 
27/30 
b,e 
e,h 


-Doubleword 
43/46 
43/46 
b,e 
e,h 


AAD = ASCII AdJuet for Divide 
1'1010101 
1000010'0 
I 
19 
19 


AAM - 
ASCII AdJuet for Multiply 
1'1010100 
I 00001010 
I 
17 
17 


CBW = Convert 
Byte to Word 
1'001'0001 
3 
3 


CWO = Convert 
Word to Double 
Word 1 '001'001 
I 
2 
2 


LOGIC 


Shift Rotste Instructions 


Not Through Gerry (AOL, AOA, SAL, SAA, SHL, and SHA) 


RegisterlMemory 
by' 
11'0' 
OOOw 
ImodTTT 
r/ml 
3/7 
3/7 
b 
h 


RegisterlMemory 
by CL 
I 1 '01001 
w Imod TTT 
r/ml 
3/7 
3/7 
b 
h 


RegisterlMemory 
by Immediate Count 
1 11 OOOOOw 
ImodTTT 
r/mlimmed 
8·blt data 
3/7 
3/7 
b 
h 


hrough Cany (ACL and ACA) 


RegisterlMemory 
by 1 
I 1101 
OOOw 
ImodTTT 
r/ml 
9/10 
9/10 
b 
h 


RegisterlMemory 
by CL 
I , 10100'w 
ImodTTT 
r/ml 
9/10 
9/10 
b 
h 


ReglsterlMemory 
by Immediate Count I '1 
OOOOOw 
ImodTTT 
r/mlimmed 
8·blt data 
9/10 
9/10 
b 
h 


T T T 
Inetructlon 


000 
ROL 


00' 
AOR 
.. 


010 
ACL 
, 


01' 
ACA 


'00 
SHL/SAL 


'01 
SHR 


11' 
SAR 


SHLD - 
Shift Left Double 


ReglsterlMemory 
by Immediate 
I 00001111 
1 10100100 
1mod reg 
r/mllmmed 
B·blt data 
3/7 
3/7 
"' 


ReglsterlMemory 
by CL 
I 000011'1 
1 10100'0' 
ImOdreg 
r/ml 
3/7 
3/7 


SHAD = Shift Aight Double 
.. 


RegisterlMemory 
by Immediate 
I 0000'1'1 
I 10101'00 
Imodreg 
r/mllmmed 
8·blt data 
3/7 
3/7 


ReglsterlMemory 
by CL 
I 0000'111 
1 10101101 
Imod reg 
r/ml 
3/7 
3/7 


, 


AND - 
And 


Register to Register 
1001 
OOOdw 
ImOdreg 
r/ml 
2 
2 


inter 


Table 
8-1. 80386 Instruction 
Set Clock 
ount 
ummar 
ontlnue 


CLOCK COUNT 
NOTES 


Real 
Real 
INSTRUCTION 
FORMAT 
Address 
Protected 
Address 
Protected 


Modear 
Virtual 
Mode or 
Virtual 


Virtual 
Address 
Vlrtuel 
Address 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


LOGIC 
(Continued) 


Register to Memory 
I 0010000w 
Imodreg 
r/ml 
7 
7 
b 
h 


Memory to Register 
I 0010001w 
Imodreg 
r/ml 
6 
6 
b 
h 


Immediate to Register/Memory 
I 1 OOOOOOw 
I mod 100 
r/ml 
immediate data 
2/7 
2/7 
b 
h 


Immediate to Accumulator 
(Short Form) 
I 0010010 
w I immediate data 
2 
2 


TEST - 
And Function 
to Flags, No Result 


Register IMemory 
and Register 
I 1000010w 
ImOdreg 
r/ml 
2/5 
2/5 
b 
h 


Immediate Data and Register/Memory 
I 1111011w 
ImodOOO 
r/ml 
immediate data 
2/5 
2/5 
b 
h 


Immediate Data and Accumulator 


I 10101 
OOw I immediate data 
(Short Form) 
2 
2 


OR ~ Or 


Register to Register 
000010dw 
Imod reg 
r/ml 
2 
2 


Register to Memory 
0000100w 
Imodreg 
r/ml 
7 
7 
b 
h 


Memory to Register 
0000101 
w ImOdreg 
r/ml 
6 
6 
b 
h 


Immediate to Register/Memory 
1000000w!modOOl 
r/ml 
immediate data 
2/7 
2/7 
b 
h 


Immediate to Accumulator 
(Short Form) 
0000 
11 Ow I immediate data 
2 
2 


XOR = Exclusive 
Or 


Register to Register 
0011 
OOdw Imod reg 
r/ml 
2 
2 


Register to Memory 
0011 
OOOw 
Imodreg 
r/ml 
7 
7 
b 
h 


Memory to Register 
0011001w 
Imodreg 
r/ml 
6 
6 
b 
h 


Immediate to Register/Memory 
1 OOOOOOw 
Imodl1 
0 
r/ml 
immediate data 
2/7 
2/7 
b 
h 


Immediate to Accumulator 
(Short Form) 
o 0 1 1 0 1 0 w I immediate data 
2 
2 


NOT ~ Invert 
Register IMemory 
1111011w 
ImodOl0 
r/ml 
2/6 
2/6 
b 
h 


Clk 


STRING MANIPULATION 
Count 
Virtual 


CMPS ~ Compare 
Byte Word 
I 1010011 
w 
8086 
10 
10 
b 
h 
Mode 


INS - 
Input Byte/Word 
from 
OX Port 
I 0110110w 
I 
129 
15 
9'/29" 
b 
h,m 


LODS ~ Load Byte/Word 
to All 
AX/EAX I 1010110w 
5 
5 
b 
h 


MOVS ~ Move Byte Word 
I 1010010w 
7 
7 
b 
h 


OUTS ~ Output 
BytelWord 
to OX Port 
I 0110111 
w 
I 
128 
14 
8'/28" 
b 
h,m 


SCAS ~ Scan Byte Word 
I 1010111 
w 
7 
7 
b 
h 


STOS ~ Store BytelWord 
from 


AL/AX/EX 
I 1010101 
wi 
4 
4 
b 
h 


XLAT = Translete 
String 
I 
11010111 
I 
5 
5 
h 


REPEATED 
STRING MANIPULATION 


Repeated by Count in CX or ECX 


REPE CMPS = Compare 
String 


(Find Non-Match) 
I 11110011 
I 1010011 
wi 
5+9n 
5+9n 
b 
h 


Table 8·1. 80386 Instruction 
Set Clock Count Summary (Continued) 


CLOCK COUNT 
NOTES 


Real 
Real 
INSTRUCTION 
FORMAT 
Address 
Protected 
Addreaa 
Protected 


Mode or 
Virtual 
Mode or 
Virtual 


Virtual 
Address 
Virtual 
Addreaa 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


REPEATED STRING MANIPULATION (Continued) 


REPNE CMPS ~ Compare String 
ClkCount 


(Find Match) 
11110010 
1010011 
w 
Virtual 
5+9n 
5+9n 
b 
h 
8086 Mode 


REP INS - 
Input String 
11110010 
0110110w 
I 
127+6n 
13+6n 
7+60'/27+60" 
b 
h,m 


REP LODS - 
Load String 
11110010 
1010110w 
5+6n 
5+6n 
b 
h 


REP MOVS ~ Move String 
11110010 
1010010w 
7+4n 
7+4n 
b 
h 


REP OUTS ~ Output String 
11110010 
0110111 
w 
I 
126+5n 
12+5n 
6+50'/26+50" 
b 
h, m 


REPE SCAS ~ SCan String 


(Find Non-All AX/EAX) 
I 11110011 
11010111 
w I 
5+8n 
5+8n 
b 
h 


REPNE SCAS ~ Scan String 


(Find ALl AX/EAX) 
I 11110010 
11010111Wl 
5+8" 
5+8" 
b 
h 


REP STOS ~ Store String 
I 11110010 
11010101Wl 
5+5n 
5+5n 
b 
n 


BIT MANIPULATION 


BSF - 
Scan Bit Forward 
I 00001111 
I 1 0 1 1 1 1 00 
lmod reg 
r/ml 
10+3n 
10+3n 
b 
h 


BSR ~ Scan Bit Reverse 
I 00001111 
I 1 0 1 1 1 1 0 1 Imod reg 
r/ml 
10+3n 
10+3" 
b 
h 


BT ~ Test Bit 


Register/Memory, 
Immediate 
100001111 
I 1 0 1 1 1 0 1 0 lmod 1 00 
r/mlimmed 
8-bit datal 
3/6 
3/6 
b 
h 


Register/Memory, 
Register 
100001111 
I 10100011 
Imod reg 
r/ml 
3/12 
3/12 
b 
n 


BTC - 
Teat Bit and Complement 


Register/Memory, 
Immediate 
I 00001111 
I 1 0 1 1 1 0 1 0 Imod 1 1 1 
r/mlimmed 
8-bit datal 
6/8 
6/8 
b 
h 


Register/Memory, 
Register 
100001111 
I 1 0 1 1 1 0 1 1 Imod reg 
r/ml 
6/13 
6/13 
b 
h 


BTR = Test Bit and Reset 


Register/Memory, 
Immediate 
I 00001111 
I 1 0 1 1 1 0 1 0 Imod 1 1 0 
r/rnlimmed 
a-bit datal 
6/8 
6/8 
b 
h 


Register/Memory, 
Regis.ter 
I 00001111 
I 10110011 
ImOdreg 
r/ml 
6/13 
6/13 
b 
h 


BTS = Telt 
Bit and Set 


Register/Memory, 
Immediate 
100001111 
I 1 0 1 1 1 0 1 0 Imod 1 0 1 
r/mlirnmed 
a-bit datal 
6/8 
6/8 
b 
h 


Register/Memory, 
Register 
I 00001111 
I 10101011 
Imod reg 
r/ml 
6/13 
6/13 
b 
h 


CONTROL TRANSFER 


CALL ~ Call 


Direct Within Segment 
I 1 1 1 0 1 0 0 0 Ifull displacement 
7+m 
7+m 
b 
r 


Register/Memory 


Indirect Within segment 
I 1 1 1 1 1 1 1 1 Imod 0 1 0 
r/ml 
7+ml 
7+ml 
b 
h, r 
10+m 
10+m 


Direct Intersegment 
I 1 00 1 1 0 1 0 lunSigned 
full offset, selector 
17+m 
34+m 
b 
j,k,r 


Notes: 
t Clock count shown applies if I/O permission allows I/O to the port in virtual 8086 mode. If I/O bit map denies permission 
exception 13 fault occurs; refer to clock counts for INT 3 instruction. 
• If CPL S; 10PL 
•• 
If CPL > 10PL 


inter 


Table 8·1. 80386 Instruction Set Clock Count Summar 
(Continued) 


CLOCK COUNT 
NOTES 


Reel 
Reel 


INSTRUCTION 
FORMAT 
Addre •• 
Protected 
Add •••• 
Protected 


Mode or 
Vlrtuel 
Mode or 
Vlrtuel 


Vlrtuel 
Add •••• 
Virtual 
Addre •• 


8088 
Mode 
8086 
Mode 


Mode 
Mode 


CONTROL TRANSFER 
(Continued) 


Prolected 
Mode Only (Direct Intersegmenl) 


Via Call Gale 10 Same Privilege Level 
52+m 
h,j,k,r 


Via Call Gale to Differenl Privilege Level, 


(No Paramelers) 
86+m 
h,j,k,r 


Via Call Gale 10 Different Privilege Level, 


(x Paramelers) 
94+4x+m 
h,j,k,r 


From 286 Task 10286 TSS 
273 
h,j,k,r 


From 286 Task 10386 TSS 
298 
h,j,k,r 


From 286 Task to Virtual 8086 Task (386 TSS) 
217 
h,j,k,r 


From 386 Task to 286 TSS 
273 
h,j,k,r 


From 386 Task to 386 TSS 
300 
h,j,k,r 


From 386 Task to Virtual 8086 Task (386 TSS) 
217 
h,j,k,r 


Indirect Intersegment 
111111111 
ImodO 
11 
r/ml 
22+m 
38+m 
b 
h,i,k,r 


Prolected 
Mode Only (Indirect Intersegment) 


Via Call Gate 10Same Privilege Level 
56+m 
h,i,k,r 


Voa Call Gale 10 Differenl Privilege Level, 


(No Parameters) 
9O+m 
h,j,k,r 


Via Call Gate to Different Privilege Level, 


(x Paramelers) 
98+4x+m 
h,i,k,r 


From 286 Task to 286 TSS 
278 
h,j,k,r 


From 286 Task to 386 TSS 
303 
h,i,k,r 


From 286 Task 10Virtual 8086 Task (386 TSS) 
221 
h,i,k,r 


From 386 Task 10286 TSS 
278 
h,i,k,r 


From 386 Task 10386 TSS 
305 
h,i,k,r 


From 386 Task 10Virtual 6086 Task (386 TSS) 
221 
h,j,k,r 


JMP - 
Unconditional 
Jump 


Short 
I 11101001 
18-bit dispiacement I 
7+m 
7+m 
r 


Direct within segment 
1 11101001 
I full displacement 
7+m 
7+m 
r 


Regisler IMemory 
Indirect wilhin Segmenl 
1 11111111 
Imod100 
r/ml 
7+ml 
7+ml 
b 
h,r 
10+m 
10+m 


Direct Intersegment 
1 11101010 
Iunsigned full offset, selector 
12+m 
27+m 
i,k,r 


Prolected 
Mode Only (Direcllnlersegmenl) 


Via Call Gale 10Same Privilege Level 
45+m 
h,j,k,r 


From 286 Task 10286 TSS 
274 
h,j,k,r 


From 286 Task to 386 TSS 
301 
h,j,k,r 


From 286 Task to Virtual 8086 Task (386 TSS) 
218 
h,j,k,r 


From 386 Task to 286 TSS 
270 
h,j,k,r 


From 386 Task to 386 TSS 
303 
h,j,k,r 


From 386 Task to Virtual 8086 Task (386 TSS) 
220 
h,j,k,r 


Indirect Intersegment 
111111111 
1mod 1 01 
r/ml 
17+m 
31+m 
b 
h,j,k,r 


Protected Mode Only (Indirecllntersegment) 


Via Call Gate to Same Privilege Level 
49+m 
h,j,k,r 
From 286 Task to 286 TSS 
279 
h,j,k,r 
From 286 Task 10386 TSS 
306 
h,i,k,r 
From 286 Task 10Virtual 8086 Task (386 TSS) 
222 
h,i,k,r 
From 386 Task to 286 TSS 
275 
h,i,k,r 
From 386 Task 10386 TSS 
308 
h,i,k.r 
From 386 Task 10Virtual 8066 Task (386 TSS) 
224 
h,i,k.r 


inter 


Table 8·1. 80386 Instruction Set Clock Count Summary (Continued 


CLOCK COUNT 
NOTES 


Real 
Real 
INSTRUCTION 
FORMAT 
Addreu 
Protected 
Addreu 
Protected 
Modaor 
Virtual 
Mode or 
Virtual 
Virtual 
Addreu 
Virtual 
Addreu 
8086 
Mode 
8086 
Mode 
Mode 
Mode 


CONTROL TRANSFER 
(Continued) 


RET ~ Return 
from CALL: 


Within Segment 
I 
11000011 
I 
10+ 
m 
10 + m 
b 
g, h,' 


Within Segment Adding Immediate to SP 
I 
11000010 
I 
16-bit displ 
I 
10 + m 
10 + m 
b 
g, h,' 


Inte,segment 
I 
11001011 
I 
18 + m 
32+m 
b 
g, h, j, k,' 


Intersegment 
Adding Immediate to SP 
I 
11001010 
I 
16-bit displ 
I 
18 + m 
32+m 
b 
g, h,j, k,' 


P'otected 
Mode Only (RET): 


to Different Privilege Level 


Intersegment 
68 
h,j, k,' 


Intersegment 
Adding Immediate to SP 
68 
h,j, k,' 


CONDITIONAL 
JUMPS 


NOTE: Times A,e Jump "Taken 0' Not Taken" 


JO ~ Jump on Overflow 


8-Bit Displacement 
I 01110000 
I 
8-bit displ 
I 
7 + mor3 
7 + mor3 
, 


Full Displacement 
I 00001111 
I 10000000 
Ifuil displacement 
7 + mor3 
7 + mor3 
, 


JNO ~ Jump on Not Overflow 


8-B~ Displacement 
I 01110001 
I 
8-bitdispl 
I 
7 + mor3 
7 + mor3 
, 


Fuil Displacement 
I 00001111 
I 
10000001 
Ifull displacement 
7 + mor3 
7 + mor3 
, 


JB/JNAE 
~ Jump on Below/Not 
Above 
or Equal 


8-B~ Displacement 
I 01110010 
1 
8-bitdispl 
I 
7 + mor3 
7 + morS 
, 


Full Displacement 
100001111110000010lfuildispiacement 
7 + mo,3 
7 + mor3 
, 


JNBI JAE ~ Jump on Not Belowl 
Above 
or Equal 


8-Bit Displacement 
I 
01110011 
I 
8-bit dispi 
I 
7 + mor3 
7 + mor3 
, 


Full Displacement 
I 00001111 
I 
10000011 
Ifull displacement 
7+mor3 
7 + morS 
, 


JEI JZ = Jump on EquallZero 


8-Bit Displacement 
I 01110100 
I 
8-bit displ 
I 
7+mor3 
7 + mor3 
, 


Full Displacement 
I 00001111 
I 10000100 
I fuil displacement 
7 + mor3 
7 + mor3 
, 


JNE/JNZ 
~ Jump on Not EquallNot 
Zaro 


8-Bit Displacement 
I 01110101 
I 
8-bitdispl 
I 
7 + morS 
7 + mor3 
, 


Full Displacement 
I 00001111 
I 10000101 
I full displacement 
7+mor3 
7 + mor3 
, 


JBE/JNA 
= Jump on Below 
or Equal/Not 
Above 


a-Bit Displacement 
I 01110110 
I 
8-bitdispl 
I 
7 + mor3 
7+mor3 
, 


Full Displacement 
I 00001111 
I 
10000110 
I full displacement 
7 + mar3 
7 + mar3 
, 


JNBEI JA = Jump on Not Below or Equall Above 


8-Bit Displacement 
I 01110111 
I 
8-bit dispi 
I 
7+mor3 
7+mar3 
, 


Full Displacement 
I 00001111 
I 
10000111 
Ifull displacement 
7 + mor3 
7 + mar3 
, 


JS = Jump on Sign 


a-Bit Displacement 
I 01111000 
I 
8-bit displ 
I 
7 + mor3 
7 + mar3 
, 


FUll Displacement 
I 00001111 
I 
10001000 
I fUll displacement 
7 + mor3 
7+mor3 
, 


inter 


Table 8-1.• 0386 Instruction Set Clock Count Summary (Continued 


CLOCK COUNT 
NOTES 


Real 
Real 


INSTRUCTION 
FORMAT 
Addr_ 
Protected 
Add.- 
Protected 


Mode or 
Vlrtuel 
Mode or 
Vlrtuel 


Virtual 
Add.- 
Virtual 
Add.- 


i 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


CONDITIONAL 
JUMPS 
(Continued) 


JNS = Jump on Not SIgn 


8-B~ Displacement 
I 01111001 
I 
8-bitdispl 
I 
7 + mor3 
7+mor3 
r 


Full Displacement 
I 00001111 
I 10001001 
Ifull displacement 
7 + mor3 
7 + mor3 
r 


JP/JPE 
- 
Jump on Parlly/Perlty 
Even 


8-B~ Displacement 
I 01111010 
I 
8-bit displ 
I 
7+mor3 
7 + mor3 
r 


Full Displacement 
I 00001111 
I 
10001010 
Ifull displacement 
7 + mor3 
7+mor3 
r 


JNP/JPO 
= Jump on Not Parlly/Parlty 
Odd 


8-B~ Displacement 
I 01111011 
I 
8-bitdispl 
I 
7 + mor3 
7 + mor3 
r 


Full Displacement 
I 00001111 
I 
10001011 
I full displacement 
7+mor3 
7+mor3 
r 


JL/ JNGE = Jump on L_/Not 
Greater 
or Equal 


8-Bit Displacement 
I 01111100 
I 
8-bitdispl 
I 
7+mor3 
7 + mor3 
r 


Full Displacement 
I 00001111 
I 
10001100 
Ifull displacement 
7+mor3 
7+mor3 
r 


JNU JGE = Jump on Not Le•• /Greater 
or Equal 


8-Bit Displacement 
I 01111101 
I 
8-bitdispl 
I 
7+mor3 
7 + morS 
r 


Full Displacement 
I 00001111 
I 10001101 
I full displacement 
7+mor3 
7 + mor3 
r 


JLE/ JNG = Jump on Le •• or Equel/Not 
Greater 


8-B~ Displacament 
I 01111110 
I 
8-bitdispl 
I 
7+mor3 
7+mor3 
r 


Full Displacement 
I 00001111 
I 10001110 
I full displacement 
7+mor3 
7+mor3 
r 


JNLElJG 
= Jump on Not Leu 
or EquellGreater 


8-Bit Displacement 
I 01111111 
I 
8-bitdispl 
I 
7+mor3 
7+mor3 
r 


Full Displacement 
I 00001111 
I 10001111 
I full displacement 
7 + mor3 
7+mor3 
r 


JCXZ = Jump on CX Zero 
I 11100011 
I 
8·bitdispl 
I 
9+mor5 
9+mor5 
r 


JECXZ = Jump on ECX Zero 
I 11100011 
I 
8-bitdispl 
I 
9+mor5 
9+mur5 
r 


(Address Size Prefix Differentiates 
JCXZ from JECXl) 


LOOP = Loop CX TIme. 
I 11100010 
I 
8-bitdispl 
I 
11 + m 
11 + m 
r 


LooPZlLooPE 
- 
Loop with 
I 
I 
I 
Zero/Equel 
11100001 
8-bitdispl 
11 + m 
11 + m 
r 


LooPNZ/LooPNE 
= Loop While 
I 
I 
I 
Not Zero 
11100000 
8·bitdispl 
11 + m 
11 + m 
r 


CONDITIONAL 
BYTE SET 


NOTE: Times Ate Register/Memory 


SETO = set Byte on Overflow 


To Register/Memory 
I 00001111 
I 
10010000 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETNO = set Byte on Not Overllow 


To Register/Memory 
I 00001111 
I 
10010001 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETB/SETNAE 
- 
set Byte on Below/Not 
Above 
or Equel 


To Register/Memory I 00001111 
I 10010010 
I modOOO 
rIm I 
4/5 
4/5 
h 


inter 


Table 8-1. 80386 Instruction 
Set Clock Count Summary (Continued) 


CLOCK COUNT 
NOTES 


Real 
Real 


INSTRUCTION 
FORMAT 
Addre •• 
Protected 
Add •••• 
Protected 


Mode or 
Virtual 
Mode or 
Virtual 


Virtual 
Add •••• 
VIrtual 
Add •••• 


8086 
Mode 
8086 - 


Mode 
Mode 


CONDITIONAL 
BYTE SET (Continued) 


SETNB ~ set Byte on Not Below/Above 
or Equal 


To Register/Memory 
I 00001111 
I 
10010011 
ImodOOO 
rIm I 
4/5 
4/5 
h 


SETE/SETZ 
= set Byte on Equal/Zero 


To Register/Memory 
I 
00001111 
I 
10010100 
I modOOO 
rIm I 
4/5 
4/5 
h 
.' 


SETNE/SETNZ 
= set Byte on Not Equal/Not 
Zero 


To Register/Memory 
I 
00001111 
I 
10010101 
I modOOO 
rim' 
4/5 
4/5 
h 


SETBE/SETNA 
= set Byte on Below 
or Equal/Not 
Above 


To Register/Memory 
I 
000011 
11 , 


10010110 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETNBE/SETA 
- 
set Byte on Not Below 
or Equall Above 


To Register/Memory I 00001 
1 1 1 I 
10010111 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETS = Set Byte on SIgn 


To Register/Memory 
I 00001111 
I 
10011000 
, modOOO 
rIm , 
4/5 
4/5 
h 


SETNS = set Byte on Not Sign 


To Register/Memory 
I 
00001111 
, 
10011001 
, modOOO 
rIm , 
4/5 
4/5 
h 


SETP/SETPE 
= set Byte on Parity/Parlty 
Even 


To Register/Memory 
I 
00001111 
, 


10011010 
, modOOO 
rIm I 
4/5 
4/5 
h 


SETNP/SETPO 
= set Byte on Not Parlty/Parity 
Odd 


To Register/Memory 
I 
00001 
1 1 1 I 
10011011 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETLISETNGE 
= set Byte on Le •• /Not 
Greater 
or Equal 


To Register/Memory 
I 
00001 
11 1 
I 
10011100 
, modOOO 
rIm I 
4/5 
4/5 
h 


SETNL/SETGE 
= set Byte on Not Le•• /Greater 
or Equal 


To Register/Memory 
I 
000011 
11 , 
01111101 
, modOOO 
rIm I 
4/5 
4/5 
h 


SETLE/SETNG 
= set Byte on Le •• or EquallNot 
Greater 


To Register/Memory I 00001 
1 1 1 I 
10011110 
I modOOO 
rIm I 
4/5 
4/5 
h 


SETNLE/SETG 
= set Byte on Not Le•• or Equal/Greater 


To Register/Memory 
I 
00001111 
, 


10011111 
I modOOO 
rIm' 
4/5 
4/5 
h 


ENTER = Enter Procedure 
I 
1 1 0 0 1 0 0 0 
11S-bit displacement, 
S-bitlevel 
I 


L=O 
10 
10 
b 
h 
L - 
1 
12 
12 
b 
h 
L> 
1 
15 + 
15 + 
b 
h 


4(n -1) 
4(n - 
1) 


LEAVE 
= Leave Procedure 
I 11001001 
, 


4 
4 
b 
h 


Table 8-1. 80386 Instruction 
Set Clock Count Summa 
Continued 


CLOCK COUNT 


Rul 
Add •••• 
Mode or 
Virtual 
8086 
Mode 


INTERRUPT 
INSTRUCTIONS 


INT ~ Interrupt: 


Type Specified 


Type 3 
'1001100 


INTO = Interrupt 
4 II Overflow 
Flag set I l' 
00 1 , 1 0 


IIOF~ 
1 


IIOF = 0 


II Out 01 Range 


II In Renge 


Protected 
Mode Only (INT) 


INT: Type Specified 


Vie Interrupt 
Of' Trap Gate 


to Same Privilege Level 


Via Interrupt or Trap Gate 
to Different Privilege Level 


From 286 Task to 286 TSS via Task Gate 


From 286 Task to 386 TSS via Task Gate 


From 286 Task to virt 8086 md via Task Gate 


Fr"," 
386 Task to 286 TSS via Task Gate 


From 386 Task to 386 TSS via Task Gate 


From 386 Task to virt 8086 md via Task Gate 


Fr"," 
virt 8086 md to 286 TSS via Task Gate 


From virt 8086 md to 386 TSS via Task Gate 


From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 


INT:TYPE 
3 


Vie Interrupt or Trap Gate 


to Same Privilege Level 


Via Interrupt or Trap Gate 


to Different Privilege Level 


From 286 Task to 286 TSS via Task Gate 


From 286 Task to 386 TSS via Task Gate 


From 286 Task to Virt 8086 md via Task Gate 


From 386 Task to 286 TSS via Task Gate 


From 386 Task to 386 TSS via Task Gate 


From 386 Task to Virt 8086 md via Task Gate 


From virt 8086 md to 286 TSS via Task Gate 


From virt 8086 md to 388 TSS via Task Gate 


From virt 8086 md to priv leval 0 via Trap Gate or Interrupt Gate 


INTO: 


Via Interrupt or Trap Grate 


to Same Privilege Level 


Via Interrupt 
Of' Trap Gate 


to Different Privilege Level 


From 286 Task to 286 TSS via Task Gate 


From 286 Task to 386 TSS via Task Gate 


From 286 Task to virt 8086 md via Task Gate 


From 386 Task to 286 TSS via Task Gate 


From 386 Task to 386 TSS via Task Gate 


From 386 Task to virt 8086 md via Task Gate 


From virt 8086 md to 286 TSS via Task Gate 


From virt 8086 md to 386 TSS via Task Gate 


From virt 8086 md to priv level 0 via Trap Gate or Interrupt Gate 


Real 
Addre •• 
Mode or 
Virtual 
8086 
Mode 


Protected 
Virtual 
Add •••• 
Mode 


Protected 
Virtual 
Add •••• 
Mode 


g,i, k, r 
g,i, k,r 
g,/, k, r 
g,i, k,r 
g,i, k, r 
g,i, k,r 
g,i, k,r 
g,i, k, r 
g,i, k,r 


g,i, k,r 
g,i, k,r 


g,i,k,r 
g,i, k,r 
g,i, k,r 


g,i,k,r 
g,i, k,r 
g,i, k,r 


g,i,k,r 


g,l, k, r 
g, i, k, r 
g,i, k, r 
g,l, k, r 
g,l, k, r 
g,l, k, r 


g,/,k,r 
g,/,k, r 
g,/, k, r 


Table 8-1. 80386 Instruction 
Set Clock Count SummarY (Continued) 


CLOCK COUNT 
NOTES 


Rea' 
Real 


INSTRUCTION 
FORMAT 
Addre •• 
Protected 
Addre •• 
Protected 


Modeor 
Virtual 
Mode or 
Virtual 


Virtual 
Addre •• 
Virtual 
Addre •• 


8086 
Mode 
8086 
Mode 


Mode 
Mode 


INTERRUPT 
INSTRUCTIONS 
(Continued) 


BOUND: 


Vl8lntelTUpI or Trap Gate 


to Same Privilege Level 
59 
g,j, k, r 


Via IntelTUpt or Trap Gate 


to Different Privilege Level 
99 
g,j, k, r 


From 286 Task to 286 TSS via Tesk Gate 
254 
g,j, k, r 


From 286 Task to 386 TSS via Task Gate 
284 
g,i, k, r 


From 268 Task to virt 8086 Mode via Task Gate 
231 
g,i, k, r 


From 386 Task to 286 TSS via Task Gate 
264 
g,i, k, r 


From 386 Task to 386 TSS via Task Gate 
294 
g,i, k, r 


From 368 Task to virt 8086 Mode via Task Gate 
243 
g,j, k, r, 


From virt 8086 Mode to 286 TSS via Task Gate 
264 
g,i, k, r 


From virt 8086 Mode to 386 TSS via Task Gate 
294 
g,i, k, r 


From virt 8086 md to priv level a via Trap Gate or IntelTUpt Gate 
119 


INTERRUPT 
RETURN 


IRET - 
Intenupt 
Return 
I 1100 
1111 
I 
22 
g, h,i, k, r 


Protected Mode Only (IRET) 


To the Same Privilege Level (within task) 
38 
g, h,i, k, r 


To Dillerent 
Prtvilege Level (within task) 
82 
g, h,i, k, r 


From 286 Task to 286 TSS 
232 
h,j, k,r 


From 286 Task to 386 TSS 
265 
h,j,k, 
r 


From 286 Task to Virtual 8086 Task 
214 
h,j,k, 
r 


From 286 Task to Virtual 8086 Mode (wilhin task) 
60 


From 386 Task to 286 TSS 
271 
h,i,k, 
r 


From 386 Task to 386 TSS 
275 
h, i, k, r 


From 386 Task to Virtual 8086 Task 
224 
h, i, k, r 


From 386 Task to Virtual 8086 Mode (wilhin task) 
60 


PROCESSOR CONTROL 


HLT 
= HALT 
I 
11110100 
I 
5 
5 
I 


MOV 
- 
Move to and From Control/DebuglTelt 
Regllte 
•• 


CRO/CR2/CR3 
from register 
I 00001111 
00100010 
11 eeereg 
I 
10/4/5 
10/4/5 
I 


Register From CRO-3 
I 00001111 
00100000 
11 eeereg 
I 
6 
6 
I 


DRO-3 From Register 
I 00001111 
00100011 
11 eeereg 
I 
22 
22 
I 


DR8-7 
From Register 
I 00001111 
00100011 
11 eeereg 
I 
16 
16 
I 


Register from DR6-7 
[00001111 
00100001 
11 eeereg 
I 
14 
14 
I 


Register from DRO-3 
I 00001111 
00100001 
11 aee reg 
I 
22 
22 
I 


TR6-7 
from Register 
I 00001111 
00100110 
11 eeereg 
I 
12 
12 
I 


RegisterfromTR6-7 
I 00001111 
00100100 
11 eeereg 
I 
12 
12 
I 


NOP 
= No Operotlon 
I 10010000 
3 
3 


WAIT = Wilt 
until BUSY# 
pin II negated I 
10011011 
6 
6 


Table 8-1. 80386 Instruction Set Clock Count Summary (Continued) 


CLOCK COUNT 
NOTES 


Real 
Real 
INSTRUCTION 
FORMAT 
Addre •• 
Protected 
Add •••• 
Protected 


Mode or 
Virtual 
Mode or 
VIrtual 


Virtual 
Addr ••• 
Virtual 
Addre •• 


8088 
Mode 
8088 
Mode 


Mode 
Mode 


PROCESSOR EXTENSION INSTRUCTIONS 


Processor 
Extension 
Escape 
I 
11011 
TTT 
ImodLLL 
rIm I 
See 
h 


Tn 
and LLL bits are opcode 
80287/80387 


information 
for coprocessor. 
data sheats for 


clock counts 


PREFIX BYTES 


Add •••• 
Size Prellx 
I 01100111 
I 
0 
0 


LOCK = Bue Lock Prellx 
I 11110000 
I 
0 
0 
m 


Operend SIze Prellx 
I 01100110 
I 
0 
0 


Segment Override 
Prellx 


cs: 
00101110 
I 
0 
0 


OS: 
00111110 
I 
0 
0 


ES: 
00100110 
I 
0 
0 


FS: 
01100100 
I 
0 
0 


GS: 
01100101 
I 
0 
0 


SS: 
00110110 
I 
0 
0 


PROTECTION CONTROL 


ARPL 
- 
AdJuat Requ •• ted Privilege 
Level 


From Register/MemO!)' 
I 
01100011 
I mod reg 
rIm I 
N/A 
20/21 
• 
h 


LAR 
~ Load Acce •• Righta 


From Register/MemO!)' 
I 00001111 
I 00000010 
I mod reg 
rIm I 
N/A 
15/16 
• 
g, h,j,p 


LGOT 
- 
Load Global Deecrlptor 


Table Register 
I 
0000111' 
I 00000001 
ImodOl0 
rIm I 
11 
11 
b,c 
h,t 


LIOT 
~ Load Interrupt 
Descriptor 


Table Register 
I 
00001111 
I 00000001 
I modOll 
rIm I 
11 
11 
b,c 
h,l 


LLDT 
= Load Local Deacrlptor 


Table Register to 
I 
I 
ImodOl0 
rIm I 
Register/Memory 
00001111 
00000000 
N/A 
20/24 
a 
g, h,j, I 


LMSW = Load Machine Statue Word 


From Register IMemO!)' I 00001111 
I 
00000001 
I mod 11 0 
rIm I 
10/13 
10/13 
b,c 
h,l 


LSL 
= Load Segment Umlt 


From Register/MemO!)' 
I 00001111 
I 
00000011 
I mod reg 
rIm I 


Byte-Granular 
Limit 
N/A 
20/21 
a 
g, h,j, P 
Page-Granular 
Limit 
N/A 
25/26 
a 
g, h,j, P 


LTR 
= Load Taak Regleter 


From Register/MemO!)' 
I 00001111 
I 
00000000 
ImodOOl 
rIm I 
N/A 
23/27 
a 
g, h,j,1 


SOOT 
- 
Store Global Descriptor 


Table Regleter 
I 
00001111 
I 
00000001 
I modOOO 
rIm I 
9 
9 
b, C 
h 


SlOT 
= Store Interrupt 
Descriptor 


Table Regleter 
I 
00001111 
I 
00000001 
I modOO' 
rIm I 
9 
9 
b,c 
h 


SLOT 
= Store Local Deacrlptor 
Table Regleter 


To Register/Memory 
I 
00001' 
11 I 00000000 
I modOOO 
r/ml 
N/A 
2/2 
a 
h 


inter 


Table 
8·1. 80386 Instruction 
Set Clock 
Count 
Summary 
( ontinue 
) 


CLOCK COUNT 
NOTES 


Re.1 
R•• ' 


INSTRUCTION 
FORMAT 
Addres. 
Protected 
Addr ••• 
Prot.cted 


Mod. or 
Vlrtu.1 
Mod. or 
Virtu.' 


Vlrtu.1 
Addr ••• 
Vlrtu.1 
Addr.ss 


8086 
Mod. 
8086 
Mod. 


Mod. 
Mode 


SMSW 
= Store M.chln. 


I 
I 
Imodl00 
r/ml 
SlItusWord 
00001111 
00000001 
2/2 
2/2 
b,c 
h,l 


STR 
= Store T.sk Register 


To Register/Memory 
I 
00001111 
I 
00000000 
ImodOOl 
r/ml 
N/A 
2/2 
• 
h 


VERR 
= V.rlfy 
R•• d ACC8888 


Register/Memory 
I 
00001111 
I 
00000000 
Imodl00 
r/ml 
N/A 
10/11 
e 
g,h,i,p 


VERW 
- 
V.rlfy 
Writ. 
Ace •••• 
I 
00001111 
I 
00000000 
I mod 101 
r/ml 
N/A 
15/16 
e 
g, h,i,p 


Notes a through c apply to 80386 Real Address Mode only: 
a. This is a Protected Mode instruction. Attempted execution in Real Mode will result in exception 6 (invalid opcode). 
b. Exception 13 fault (general protection) will occur in Real Mode if an operand reference is made that partially or fully 
extends beyond the maximum CS, OS, ES, FS or GS limit, FFFFH. Exception 12 fault (stack segment limit violation or not 
present) will occur in Real Mode if an operand reference is made that partially or fully extends beyond the maximum SS limit. 
c. This instruction may be .executed in Real Mode. In Real Mode, its purpose is primarily to initialize the CPU for Protected 
Mode. 


Notes d through 9 apply to 80386 Real Address Mode and 80386 Protected Virtual Address Mode: 
d. The 80386 uses an early-out multiply algorithm. The actual number of clocks depends on the position of the most signifi- 
cant bit in the operand (multiplier). 
Clock counts given are minimum to maximum. To calculate actual clocks use the following formula: 
Actual Clock = if m < > 0 then max ([Iog2 Imll. 3) + b clocks: 


if m = 0 then 3+b clocks 


In this formula, m is the multiplier, and 
b = 9 for register to register, 
b = 12 for memory to register, 
b = 10 for register with immediate to register, 
b = 11 for memory with immediate to register. 
e. An exception may occur, depending on the value of the operand. 
f. LOCK4Ois automatically asserted, regardless of the presence or absence of the LOCK4Oprefix. 
g. LOCK# is asserted during descriptor table accesses. 


Notes h through r apply to 80386 Protected Virtual Address Mode only: 
h. Exception 13 fault (general protection violation) will occur if the memory operand in CS, OS, ES, FS or GS cannot be used 
due to either a segment limit violation or access rights violation. If a stack limit is violated, an exception 12 (stack segment 
limit violation or not present) occurs. 
i. For segment load operations, the CPL, RPL, and OPL must agree with the privilege rules to avoid an exception 13 fault 
(general protection violation). The segment's descriptor must indicate "present" or exception 11 (CS, OS, ES, FS, GS not 
present). If the SS register is loaded and a stack segment not present is detected, an exception 12 (stack segment limit 
violation or not present) occurs. 
j. All segment descriptor accesses in the GOT or LOT made by this instruction will automatically assert LOCK# to maintain 
descriptor integrity in multiprocessor systems. 
k. JMP, CALL, INT, RET and IRET instructions referring to another code segment will cause an exception 13 (general 
protection violation) if an applicable privilege rule is violated. 
I. An exception 13 fault occurs if CPL is greater than 0 (0 is the most privileged level). 
m. An exception 13 fault occurs if CPL is greater than IOPL. 
n. The IF bit of the flag register is not updated if CPL is greater than IOPL. The IOPL and VM fields of the flag register are 
updated only if CPL = O. 
o. The PE bit of the MSW (CRO)cannot be reset by this instruction. Use MOV into CROif desiring to reset the PE bit. 
p. Any violation of privilege rules as applied to the selector operand does not cause a protection exception; rather, the zero 
flag is cleared. 
q. If the coprocessor's memory operand violates a segment limit or segment access rights, an exception 13 fault (general 
protection exception) will occur before the ESC instruction is executed. An exception 12 fault (stack segment limit violation 
or not present) will occur if the stack limit is violated by the operand's starting address. 
r. The destination of a JMP, CALL, INT, RET or IRET must be in the defined limit of a code segment or an exception 13 fault 
(general protection violation) will occur. 


inter 


All instruction encodings are subsets of the general 
instruction format shown in Figure 8-1. Instructions 
consist of one or two primary opcode bytes, possibly 
an address specifier consisting of the "mod rim" 
byte and "scaled index" byte, a displacement if re- 
quired, and an immediate data field if required. 


Within the primary opcode or opcodes, smaller en- 
coding fields may be defined. These fields vary ac- 
cording to the class of operation. The fields define 
such information as direction of the operation, size 
of the displacements, register encoding, or sign ex- 
tension. 


Almost all instructions referring to an operand in 
memory have an addressing mode byte following 
the primary opcode byte(s). This byte, the mod rim 
byte, specifies the address mode to be used. Certain 


encodings of the mod rim byte indicate a second 
addressing byte, the scale-index-base byte, follows 
the mod rim byte to fully specify the addressing 
mode. 


Addressing modes can include a displacement im- 
mediately following the mod rim byte, or scaled in- 
dex byte. If a displacement is present, the possible 
sizes are 8, 16 or 32 bits. 


If the instruction specifies an immediate operand, 
the immediate operand follows any displacement 
bytes. The immediate operand, if specified, is always 
the last field of the instruction. 


Figure 8-1 illustrates several of the fields that can 
appear in an instruction, such as the mod field and 
the rim field, but the Figure does not show all fields. 
Several smaller fields also appear in certain instruc- 
tions, sometimes within the opcode bytes them- 
selves. Table 8-2 is a complete list of all fields ap- 
pearing in the 80386 instruction set. Further ahead, 
following Table 8-2, are detailed tables for each 
field. 


ITT TTTTTT 
I TTTTTT 
TT I mod TTT rim I ss index base Id32116181 none data32116181 
none 


( 
07 
0)1..765320)1..76532°/1.. 
)1.. 
) 


••• 
T 


register and address 
mode specifier 


opcode 
(one or two bytes) 
(T represents an 
opcode bit.) 


"mod rim" 


byte 
address 
displacement 
(4, 2, 1 bytes 
or none) 


immediate 
data 
(4, 2, 1 bytes 
or none) 


Field Name 
Description 
Number of Bits 


w 
Specifies if Data is Byte or Full Size (Full Size is either 16 or 32 Bits 
1 
d 
Specifies Direction of Data Operation 
1 
s 
Specifies if an Immediate Data Field Must be Sign-Extended 
1 
reg 
General Register Specifier 
3 
mod rim 
Address Mode Specifier (Effective Address can be a General Register) 
2 for mod; 
3 for rim 
ss 
Scale Factor for Scaled Index Address Mode 
2 
index 
General Register to be used as Index Register 
3 
base 
General Register to be used as Base Register 
3 
sreg2 
Segment Register Specifier for CS, SS, OS,ES 
2 
sreg3 
Segment Register Specifier for CS, SS, OS,ES, FS, GS 
3 
mn 
For Conditional Instructions, Specifies a Condition Asserted 


or a Condition Negated 
4 


inter 


8.2.2 32-Bit Extensions of the 


Instruction Set 


With the 80386, the 86/186/286 
instruction set is 


extended in two orthogonal directions: 32-bit forms 
of all 16-bit instructions are added to support the 32- 
bit data types, and 32-bit addressing modes are 
made available for all instructions referencing mem- 
ory. This orthogonal instruction set extension is ac- 
complished having a Default (D) bit in the code seg- 
ment descriptor, and by having 2 prefixes to the in- 
struction set. 


Whether the instruction defaults to operations of 16 
bits or 32 bits depends on the setting of the 0 bit in 
the code segment descriptor, which gives the de- 
fault length (either 32 bits or 16 bits) for both oper- 
ands and effective addresses when executing that 
code segment. In the Real Address Mode or Virtual 
8086 Mode, no code segment descriptors are used, 
but a 0 value of 0 is assumed internally by the 80386 
when operating in those modes (for 16-bit default 
sizes compatible with the 8086/80186/80286). 


Two prefixes, the Operand Size Prefix and the Effec- 
tive Address Size Prefix, allow overriding individually 
the Default selection of operand size and effective 
address size. These prefixes may precede any op- 
code bytes and affect only the instruction they pre- 
cede. If necessary, one or both of the prefixes may 
be placed before the opcode bytes. The presence of 
the Operand Size Prefix and the Effective Address 
Prefix will toggle the operand size or the effective 
address size, respectively, to the value "opposite" 
from the Default setting. For example, if the default 
operand size is for 32-bit data operations, then pres- 
ence of the Operand Size Prefix toggles the instruc- 
tion to 16-bit data operation. As another example, if 
the default effective address size is 16 bits, pres- 
ence of the Effective Address Size prefix toggles the 
instruction to use 32-bit effective address computa- 
tions. 


These 32-bit extensions are available in all 80386 
modes, including the Real Address Mode or the Vir- 
tual 8086 Mode. In these modes the default is al- 
ways 16 bits, so prefixes are needed to specify 32- 
bit operands or addresses. For instructions with 
more than one prefix, the order of prefixes is unim- 
portant. 


Unless specified otherwise, instructions with 8·bit 
and 16-bit operands do not affect the contents of 
the high-order bits of the extended registers. 


8.2.3 Encoding of Instruction Fields 


Within the instruction are several fields indicating 
register selection, addressinglmode and so on. The 
exact encodings of these fields are defined immedi- 
ately ahead. 


8.2.3.1 ENCODING OF OPERAND LENGTH (w) 


FIELD 


For any· given instruction performing a data opera- 
tion, the instruction is executing as a 32-bit operation 
or a 16-bit operation. Within the constraints of the 
operation size, the w field encodes the operand size 
as either one byte or the full operation size, as 
shown in the table below. 


Operand Size 
Operand Size 


wFleld 
During 16-81t 
During 32·81t 


Data Operations 
Data Operations 


0 
8 Bits 
8 Bits 


1 
16 Bits 
32 Bits 


8.2.3.2 ENCODING OF THE GENERAL 


REGISTER (reg) FIELD 


The general register is specified by the reg field, 
which may appear in the primary opcode bytes, or as 
the reg field of the "mod rIm" byte, or as the rIm 
field of the "mod rIm" byte. 


Encoding of reg Field When w Field 


Is not Present In Instruction 


Register Selected 
Register Selected 


reg Field 
During 16-81t 
During 32-81t 


Data Operations 
Data Operations 


000 
AX 
EAX 


001 
CX 
ECX 


010 
OX 
EDX 


011 
BX 
EBX 


100 
SP 
ESP 


101 
BP 
EBP 


101 
SI 
ESI 


101 
01 
EDI 


Encoding of reg Field When w Field 


Is Present In Instruction 


Register Specified by reg Field 
During 16-81tData Operations: 


reg 
Function of w Field 


(whenw 
= 0) 
(whenw 
= 1) 


000 
AL 
AX 


001 
CL 
CX 


010 
DL 
OX 


011 
BL 
BX 


100 
AH 
SP 


101 
CH 
BP 


110 
DH 
SI 


111 
BH 
01 


Register 
Specified 
by reg Field 


During 
32·Bit 
Data Operations 


Function 
of w Field 
reg 
(whenw 
= 0) 
(whenw 
= 1) 


000 
AL 
EAX 


001 
CL 
ECX 


010 
OL 
EOX 


011 
BL 
EBX 


100 
AH 
ESP 


101 
CH 
EBP 


110 
OH 
ESI 


111 
BH 
EDI 


8.2.3.3 
ENCODING 
OF THE SEGMENT 


REGISTER 
(sreg) 
FIELD 


The sreg field 
in certain 
instructions 
is a 2-bit field 


allowing 
one of the four 80286 
segment 
registers 
to 


be specified. 
The sreg field in other instructions 
is a 


3-bit field, allowing 
the 80386 
FS and GS segment 


registers 
to be specified. 


2·Bit 
Segment 


sreg2 
Field 
Register 
Selected 


00 
ES 


01 
CS 


10 
SS 


11 
OS 


3-Blt sreg3 
Field 


Segment 
Register 
Selected 


3·Bit 
sreg3 
Field 


000 
001 
010 
011 
100 
101 
110 
111 


ES 
CS 
SS 
OS 
FS 
GS 
do not use 
do not use 


Except 
for 
special 
instructions, 
such 
as PUSH 
or 


POP, where the addressing 
mode is pre-determined, 


the 
addressing 
mode 
for the 
current 
instruction 
is 


specified 
by addressing 
bytes following 
the primary 


opcode. 
The 
primary 
addressing 
byte 
is the 
"mod 


rim" byte, and a second 
byte of addressing 
informa- 


tion, 
the 
"s-i-b" 
(scale-index-base) 
byte, 
can 
be 


specified. 


The 
s-i-b byte 
(scale-index-base 
byte) 
is specified 


when 
using 32-bit 
addressing 
mode 
and the 
"mod 
rim" byte has rim = 100 and mod = 00,01 
or 10. 


When the sib byte is present, 
the 32-bit addressing 


mode is a function 
of the mod, ss, index, and base 


fields. 


The primary 
addressing 
byte, the "mod 
rim" 
byte, 


also contains 
three bits (shown as TTT in Figure 8-1) 


sometimes 
used as an extension 
of the primary op- 


code. The three bits, however, 
may also be used as 


a register 
field (reg). 


When calculating 
an effective 
address, 
either 
16-bit 


addressing 
or 32-bit 
addressing 
is used. 
16-bit 
ad- 


dressing 
uses 16-bit address 
components 
to calcu- 
late 
the 
effective 
address 
while 
32-bit 
addressing 


uses 32-bit address 
components 
to calculate 
the ef- 


fective 
address. When 16-bit addressing 
is used, the 
"mod rim" byte is interpreted 
as a 16-bit addressing 


mode specifier. 
When 32-bit addressing 
is used, the 
"mod rim" byte is interpreted 
as a 32-bit addressing 


mode specifier. 


Tables 
on the following 
three 
pages 
define 
all en- 


codings 
of all 16-bit 
addressing 
modes 
and 
32-bit 


addressing 
modes. 


mod rIm 


00000 
00001 
00010 
00011 
00100 
00101 
00110 
00 111 


01000 
01001 
01010 
01 011 
01100 
01 101 
01 110 
01 111 


Effective 
Address 


oS:[BX+SI] 
oS:[BX+ol] 
SS:[BP+SI] 
SS:[BP+ol] 
05:[51] 
05:[01] 
oS:d16 
OS: [BX] 


os: [BX + 51+ dS] 


OS: [BX + 01 + dS] 
55: [BP+ 51+ dS] 
55: [BP + 01+ dS] 
oS:[SI+dS] 
oS:[ol+dS] 
SS:[BP+dS] 
oS:[BX+dS] 


mod rIm 
Effective 
Address 


10000 
oS:[BX+SI+d16] 


10001 
oS:[BX+01+d16] 


10010 
SS:[BP+SI+d16] 


10011 
SS:[BP+ 01+ d16] 


10100 
OS:[51+ d16] 


10 101 
OS:[01+ d16] 


10110 
SS:[BP+d16] 


10111 
oS:[BX+d16] 


11000 
register-see 
below 


11 001 
register-see 
below 


11 010 
register-see 
below 


11 011 
register-see 
below 


11100 
register-see 
below 


11 101 
register-see 
below 


11110 
register-see 
below 


11111 
register-see 
below 


Register 
Specified 
by rIm 


During 16-Blt Data Operations 


mod rIm 
Function 
of w Field 


(when w=O) 
(whenw 
=1) 


11 000 
AL 
AX 


11 001 
CL 
CX 


11 010 
oL 
OX 


11 011 
BL 
BX 


11100 
AH 
SP 


11 101 
CH 
BP 


11110 
oH 
51 


11111 
BH 
01 


Register 
Specified 
by rIm 


During 32·Blt Data Operations 


mod rIm 
Function 
of w Field 


(when w=O) 
(when w =1) 


11000 
AL 
EAX 


11 001 
CL 
ECX 


11 010 
oL 
EoX 


11 011 
BL 
EBX 


11100 
AH 
ESP 


11 101 
CH 
EBP 


11110 
oH 
ESI 


11111 
BH 
Eol 


inter 


mod rIm 
EffectIve Address 


00000 
DS:[EAX) 


00001 
DS:[ECX) 


00010 
DS:[EDX) 


00011 
DS:[EBX) 


00100 
s·i-bis present 


00101 
DS:d32 


00110 
DS:[ESI) 


00111 
DS:[EDI) 


01000 
DS:[EAX+dS) 


01 001 
DS:[ECX+dS) 


01010 
DS:[EDX+dS) 


01 011 
DS:[EBX+dS) 


01 100 
s·i·bis present 


01 101 
SS:[EBP + dS) 


01 110 
DS:[ESI+dS) 


01 111 
DS:[EDI+dS) 


mod rIm 
Effective Address 


10000 
DS: [EAX + d32) 


10001 
DS: [ECX + d32) 


10·010 
DS: [EDX + d32) 


10011 
DS: [EBX + d32) 


10100 


<: 
s·i·bis present 


10101 
SS: [EBP + d32) 


10110 
DS: [ESI + d32) 


10111 
DS: [EDI + d32) 


11000 
register-see below 


11001 
register-see below 


11010 
register-see below 


11011 
register-see below 


11 100 
register-see below 


11 101 
register-see below 


11110 
register-see below 


11111 
register-see below 


Register SpecIfied by reg or rIm 
during 16-Blt Data Operations: 


mod rIm 
function of w field 


(whenw=O) 
(when w=1) 


11000 
AL 
AX 


11001 
CL 
CX 


11010 
DL 
DX 


11011 
BL 
BX 


11100 
AH 
SP 


11 101 
CH 
BP 


11110 
DH 
SI 


11111 
BH 
DI 


Register Specified by reg or rIm 
during 32·Blt Data Operations: 


mod rIm 
function of w field 


(whenw=O) 
(whenw=1) 


11000 
AL 
EAX 


11001 
CL 
ECX 


11010 
DL 
EDX 


11011 
BL 
EBX 


11 100 
AH 
ESP 


11 101 
CH 
EBP 


11110 
DH 
ESI 


11111 
BH 
EDI 


mod base 
Effective 
Address 


00000 
OS: [EAX + (scaled index)] 


00001 
OS: [ECX + (scaled index)] 
00010 
OS: [EoX + (scaled index)] 
00011 
OS: [EBX + (scaled index)] 
00100 
SS: [ESP + (scaled index)] 


00101 
OS: [d32 + (scaled index)] 


00110 
OS: [ESI + (scaled index)] 
00 111 
OS: [Eol + (scaled index)] 


01000 
OS: [EAX + (scaled index) +dB] 
01001 
OS: [ECX + (scaled index) + dB] 
01 010 
OS: [EoX + (scaled index) + dB] 
01 011 
OS: [EBX + (scaled index) + dB] 
01 100 
SS: [ESP + (scaled index) + dB] 
01 101 
SS:[EBP+ 
(scaled index)+dB] 


01 110 
OS: [ESI + (scaled index) + dB] 


01 111 
OS: [Eol + (scaled index) + dB] 


10000 
OS: [EAX + (scaled index) + d32] 


10001 
OS: [ECX + (scaled index) + d32] 


10010 
OS: [EoX + (scaled index) + d32] 
10011 
OS: [EBX + (scaled index) + d32] 


10100 
SS: [ESP + (scaled index) + d32] 


10101 
SS: [ESP + (scaled index) + d32] 


10110 
OS: [ESI + (scaled index) + d32] 


10111 
OS: [Eol + (scaled index) + d32] 


NOTE: 
Mod field in "mod rim" 
byte; ss, index, base fields in 


"s-i-b" byte. 


ss 
SCale Factor 


00 
x1 


01 
x2 


10 
x4 


11 
xB 


Index 
Index Register 


000 
EAX 


001 
ECX 


010 
EoX 


011 
EBX 


100 
no index reg" 


101 
ESP 


110 
ESI 


111 
Eol 


""IMPORTANT 
NOTE: 
When index field is 100, indicating "no index register," then 
ss field MUST equal 00. If index is 100 and ss does not 
equal 00, the effective address is undefined. 


8.2.3.5 ENCODING OF OPERATION DIRECTION 


(d) FIELD 


In many two-operand instructions the d field is pres- 
ent to indicate which operand is considered the 
source and which is the destination. 


d 
Direction of Operation 


0 
Register/Memory <- - Register 
"reg" Field Indicates Source Operand; 
"mod r/m" or "mod ss index base" Indicates 
Destination Operand 


1 
Register <- - Register/Memory 
"reg" Field Indicates Destination Operand; 
"mod r/m" or "mod ss index base" Indicates 
Source Operand 


The s field occurs primarily to instructions with im- 
mediate data fields. The s field has an effect only if 
the size of the immediate data is 8 bits and is being 
placed in a 16-bit or 32-bit destination. 


~ 
Effect on 
Effect on 


Immediate Data8 
Immediate Data 16132 


None 
None 


1 Sign-Extend Data8 to Fill 
None 


16-Bit or 32-Bit Destination 


8.2.3.7 ENCODING OF CONDITIONAL TEST 


(tttn) FIELD 


For the conditional instructions (conditional jumps 
and set on condition), tttn is encoded with n indicat- 
ing to use the condition (n= 0) or its negation (n= 1), 
and ttt giving the condition to test. 


Mnemonic 
Condition 
I. 
tttn 


0 
Overflow 
0000 


NO 
No Overflow 
0001 


B/NAE 
Below/Not Above or Equal 
0010 


NB/AE 
Not Below/Above or Equal 
0011 


E/Z 
Equal/Zero 
0100 


NEINZ 
Not EquallNot Zero 
0101 


BEINA 
Below or EquallNot Above 
0110 


NBE/A 
Not Below or Equal/Above 
0111 


S 
Sign 
1000 


NS 
Not Sign 
1001 


PIPE 
Parity/Parity Even 
1010 


NP/PO 
Not Parity/Parity Odd 
1011 


LINGE 
Less Than/Not Greater or Equal 
1100 


NL/GE 
Not Less Than/Greater or Equal 
1101 


LEING 
Less Than or Equal/Greater Than 1110 


NLE/G 
Not Less or Equal/Greater Than 
1111 


8.2.3.8 ENCODING OF CONTROL OR DEBUG 


OR TEST REGISTER (eee) FIELD 


For the loading and storing of the Control, Debug 
and Test registers. 


When Interpreted as Control Register Field 


eeeCode 
Reg Name 


000 
CRO 


010 
CR2 


011 
CR3 


Do not use any other encoding 


eeeCode 
Reg Name 


000 
DRO 


001 
DR1 


010 
DR2 


011 
DR3 


110 
DR6 


111 
DR7 


Do not use any other encoding 


eeeCode 
Reg Name 


110 
TR6 


111 
TR7 


Do not use any other encoding 


inter 


This 80386 data sheet, version -004, contains updates and improvements to previous versions. A revision 
summary is listed here for your convenience. 


2.9.6 
2.9.7 
2.11.2 
2.12 
3.1 
4.4.3.3 


Figures 4-15a, 4-15b 
4.6.4 
4.6.6 


5.6 
5.8 
5.8.1 
Table 6-3 
7.6 
Figures 7-8,7-9,7-10 
8.2.3.4 


Sequence of exception checking table added. 
Instruction restart revised. 
TLB testing revised. 
Debugging support revised. 
LOCK prefix restricted to certain instructions. 
I/O privilege level and I/O permission bitmap added. 
I/O permission bitmap added. 
Protection and I/O permission bitmap revised. 
Entering and leaving virtual 8086 mode through task switches, trap and interrupt 
gates, and IRET explained. 
Self-test signature stored in EAX. 
Coprocessor interface description added. 
Software testing for coprocessor presence added. 
PGA package thermal characteristics added. 
Designing for ICE-386 revised. 
ICE-386 clearance requirements added. 
Encoding of 32-bit address mode with no "sib" byte corrected. 


The sections significantly 
revised since version -002 are: 


Table 2-5 
Interrupt vector assignments updated. 
Figure 4-15a 
BiLmap_offset 
must be less than or equal to DFFFH. 


Figure 5-28 
80386 outputs remain in their reset state during self-test. 


5.7 
Component and revision identifier history updated. 


7.4 
80386-20 D.C. specifications added. 


7.5 
80386-16 A.C. specifications updated. 80386-20 A.C. specifications added. 


Table 8-1 
Clock counts updated. 


The sections significantly 
revised since version -003 are: 


Table 2-6b 
Interrupt priorities 2 and 3 interchanged. 


2.9.8 
Double page faults do not raise double fault exception. 
Figure 4-5 
Maximum-sized segments must have segments Basell.,O = O. 
5.4.3.4 
BS16# timing corrected. 
Figures 5-16, 5-17, 
BS16# timing corrected. BS16# must not be asserted once NA# has been 
5-19,5-22 
sampled asserted in the current bus cycle. 
7.5 
80386-20 and 80386-16 A.C. specifications revised. All timing parameters are 
now guaranteed at 1.5Vtest levels. The timing parameters have been adjusted to 
remain compatible with previous 0.8V/2.0V specifications. 
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80387 
80-BIT CHMOS III 
NUMERIC PROCESSOR EXTENSION 


• 
High Performance 
80-Blt Internal 
Architecture 


• 
Implements 
ANSI/IEEE 
Standard 
754- 
1985 for Binary Floating-Point 
Arithmetic 


• 
Five to Seven Times 8087/80287 
Performance 


• 
Upward 
Object-Code 
Compatible 
from 
8087 and 80287 


• 
Expands 
80386 Data Types 
to Include 
32-, 64-, 80-Blt Floating 
Point, 32-, 64- 
Bit Integers 
and 18-Diglt BCD Operands 


• 
Directly 
Extends 
80386 Instruction 
Set 
to Include Trigonometric, 
Logarithmic, 
Exponential 
and Arithmetic 
Instructions 
for All Data Types 


• 
Full-Range 
Transcendental 
Operations 


for SINE, COSINE, 
TANGENT, 


ARCTANGENT 
and LOGARITHM 


• 
Built-In Exception 
Handling 


• 
Operates 
Independently 
of Real, 


Protected 
and Virtual-8086 
Modes of 


the 80386 


• 
Eight 80-Blt Numeric 
Registers, 
Usable 


as Individually 
Addressable 
General 


Registers 
or as a Register 
Stack 


• 
Available 
in 68-Pin PGA Package 


(See 
Packaging 
Spec: 
Order 
#231369) 


The Intel 80387 is a high-performance 
numerics 
processor 
extension 
that extends 
the 80386 architecture 
with 


floating 
point, extended 
integer 
and BCD data types. The 80386/80387 computing 
system 
fully conforms 
to 


the ANSI/lEEE 
floating-point 
standard. 
Using a numerics 
oriented 
architecture, 
the 80387 adds over seventy 


mnemonics 
to the 80386/80387 
instruction 
set, making 
the 80386/80387 a complete 
solution 
for high-per- 


formance 
numerics 
processing. 
The 80387 is implemented 
with 1.5 micron, 
high-speed 
CHMOS 
III technology 


and packaged 
in a 68-pin 
ceramic 
pin grid array (PGA) package. 
The 80386/80387 
is upward 
object-code 


compatible 
from the 80386/80287, 80286/80287 and 808618087 computing 
systems. 


II DATA INTERFACE 
AND CONTROL 
UNIT I 


32 


INTERNAL 
I 
DATA 
.US 


GENERAL 
REGISTERS 
31 
15 
0 


SEGMENT 
REGISTERS 
15 
0 


EAX 
AX 


AH 
AL 


EBX 
BX 


BH 
BL 


ECX 
CX 


CH 
CL 


EOX 
OX 
OH 
OL 


ESI 
51 


EOI 
01 


EBP 
BP 


ESP 
SP 


CS 


55 


OS 


ES 


FS 


GS 


31 
0 


I 
: EF~GS: 
I 


79 
78 
64 
63 


RO 
Sign 
Exponent 


R1 


R2 


R3 


R4 


R5 


R6 


R7 


Tag 
Field 
1 
0 


15 
0 


Control Register 


Status Register 


Tag Word 


Instruction Pointer (in 80386) 


Data Pointer (in 80386) 


The 80387 Numeric Processor Extension (NPX) pro- 
vides arithmetic instructions for a variety of numeric 
data types in 80386/80387 systems. It also exe- 
cutes numerous built-in transcendental functions 
(e.g. tangent, sine, cosine, and log functions). The 
80387 effectively extends the register and instruc- 
tion set of an 80386 system for existing data types 
and adds several new data types as well. Figure 1.1 
shows the model of registers visible to 80386/80387 
programs. Essentially, the 80387 can be treated as 
an additional resource or an extension to the 80386. 
The 80386 together with an 80387 can be used as a 
single unified system, the 80386/80387. 


The 80387 works the same whether the 80386 is 
executing in real-address mode, protected mode, or 
virtual-8086 mode. All memory access is handled by 
the 80386; the 80387 merely operates on instruc- 
tions and values passed to it by the 80386. There- 
fore, the 80387 is not sensitive to the processing 
mode of the 80386. 


In real-address mode and virtual-8086 mode, the 
80386/80387 is completely upward compatible with 
software for 8086/8087, 80286/80287 real-address 
mode, and 80386/80287 
real-address mode sys- 
tems. 


In protected mode, the 80386/80387 is completely 
upward compatible with software for 80286/80287 
protected mode, and 80386/80287 protected mode 
systems. 


The only differences of operation that may appear 
when 8086/8087 programs are ported to a protect- 
ed-mode 80386/80387 
system (not 
using virtual- 


8086 mode), is in the format of operands for the 
administrative 
instructions 
FLDENV, 
FSTENV, 


FRSTOR and FSAVE. These instructions are nor- 
mally used only by exception handlers and operating 
systems, not by applications programs. 


The 80387 contains three functional units that can 
operate in parallel to increase system performance. 
The 80386 can be transferring commands and data 
to the 80387 bus control 
logic for the next instruction 


while the 80387 floating-point 
unit is performing the 


current numeric instruction. 


The 80387 adds to an 80386 system additional data 
types, registers, instructions, and interrupts specifi- 
cally designed to facilitate high-speed numerics pro- 
cessing. To use the 80387 requires no special pro- 
gramming tools, because all new instructions and 
data types are directly supported by the 80386 as- 
sembler and compilers for high-level languages. All 
8086/8088 development tools that support the 8087 
can also be used to develop software for the 
80386/80387 
in real-address mode or virtual-8086 


mode. All 80286 development tools that support the 
80287 can also be used to develop software for the 
80386/80387. 


All communication between the 80386 and the 
80387 is transparent to applications software. The 
CPU automatically controls the 80387 whenever a 
numerics instruction is executed. All physical memo- 
ry and virtual memory of the CPU are available for 
storage of the instructions and operands of pro- 
grams that use the 80387. All memory addressing 
modes, including use of displacement, base register, 
index register, and scaling, are available for address- 
ing numerics operands. 


Section 6 at the end of this data sheet lists by class 
the instructions that the 80387 adds to the instruc- 
tion set of an 80386 system. 


2.1 Data Types 


Table 2.1 lists the seven data types that the 80387 
supports and presents the format for each type. Op- 
erands are stored in memory with the least signifi- 
cant digit at the lowest memory address. Programs 
retrieve these values by generating the lowest ad- 
dress. For maximum system performance, all oper- 
ands should start at physical-memory addresses 
evenly divisible by four (doubleword boundaries); op- 
erands may begin at any other addresses, but will 
require extra memory cycles to access the entire op- 
erand. 


Internally, the 80387 holds all numbers in the ex- 
tended-precision real format. Instructions that load 
operands from memory automatically convert oper- 
ands represented in memory as 16-, 32-, or 64-bit 
integers, 32- or 64-bit floating-point numbers, or 18- 
digit packed BCD numbers into extended-precision 
real format. Instructions that store operands in mem- 
ory perform the inverse type conversion. 


A typical NPX instruction accepts one or two oper- 
ands and produces a single result. In two-operand 
instructions, one operand is the contents of an NPX 
register, while the other may be a memory location. 
The operands of some instructions are predefined; 
for example FSQRT always takes the square root of 
the number in the top stack element. 


inter 


Most Significant Byte 
HIGHEST ADDRESSED 
BYTE 


Data 
Range 
Precision 
017 
017 
017 
017 
017 
017 
017 
017 
017 
01 
Formats 
7 


Word 
Integer 
104 
16 Bits 
IITWO·S 
COMPLEMENT) 


15 
0 


Short 
Integer 
109 
32 Bits 
Inwo·s 
COMPlEMENTI 


3. 
0 


< 
.' 


Long 
Integer 
1019 
64 Bits 
IITWO·S 
COMPLEMENT) 


63 
0 
, 
.' 
- 


1018 
sl 
x Idll 


MAGNITUDE 


d, I 
Packed 
BCD 
18 Digits 
d,o 
d1!l 
du 
d13 
elll 
dll 
dIU. 
d9 
d, 
d/ 
d, 
d, 
d, 
d, 
d, 
d, 


70 
12 
0 


Single Precision 
10±38 
24 Bits 
;1 
BIASED 
I 
$IGNIFICAND 
I 
S 
EXPONENT 


31 
23'-. II 
0 
. 
. 


Double 
Precision 
10±308 
53 Bits 
sl 
BIASED 
I 
SIGNIFICANO 
I 
EXPONENT 


63 
52'-.1 
, 
0 


Extended 
10±4932 
64 Bits 
sl 
BIASED 
hl 
$IGNIFICANO 
I 
Precision 
EXPONENT 


70 
64 63' 
0 


NOTES: 
(1) S = Sign bit (0 = positive,1 
= negative) 


(2) dn = Decimal 
digit (two per byte) 


(3) X = Bits have no significance; 
80387 
ignores 
when 
loading, 
zeros when 
storing 


(4)& = Position 
of implicit 
binary point 


(5) I = Integer 
bit of significand; 
stored 
in temporary 
real, implicit 
in single and double 
precision 


(6) Exponent 
Bias (normalized 
values): 


Single: 
127 (7FH) 
Double: 
1023 (3FFH) 


Extended 
Real: 16383 
(3FFFH) 


(7) Packed 
BCD: (-1)5 
(017 ...00) 


(8) Real: (-1)5 
(2E.BIA5) (Fo Fl ...) 


15 
0 
TAG (7) I-T-A-G-(6-)-I-TA-G-(-5)-I-T-A-G-(-4)-1-TA-G-(3-)I-TA-G-(-2)-1 -TA-G-(-1)-1TAG (0) 


NOTE: 
The index i of tag (i) is not 
top-relative. 
A program 
typically 
uses the "top" 
field of Status 
Word to determine 
which 
tag (i) 
field refers 
to logical 
top of stack. 
TAG VALUES: 


00 = Valid 
01 = Zero 
10 = QNaN, 
SNaN, 
Infinity, 
Denormal 
and Unsupported 
Formats 


11 = Empty 


Figure 1.1 shows the 80387 register set. When an 
80387 is present in a system, programmers may use 
these registers in addition to the registers normally 
available on the 80386. 


80387 computations use the 80387's data registers. 
These eight 80-bit registers provide the equivalent 
capacity of twenty 32-bit registers. Each of the eight 
data registers in the 80387 is 80 bits wide and is 
divided into "fields" corresponding to the NPXs ex- 
tended-precision real data type. 


The 80387 register set can be accessed either as a 
stack, with instructions operating on the top one or 
two stack elements, or as a fixed register set, with 
instructions operating on explicitly designated regis- 
ters. The TOP field in the status word identifies the 
current top-of-stack register. A "push" 
operation 


decrements TOP by one and loads a value into the 
new top register. A "pop" operation stores the value 
from the current top register and then increments 


TOP by one. Like 80386 stacks in memory, the 
80387 register stack grows "down" toward lower- 
addressed registers. 


Instructions may address the data registers either 
implicitly or explicitly. Many instructions operate on 
the register at the TOP of the stack. These instruc- 
tions implicitly address the register at which TOP 
points. Other instructions allow the programmer to 
explicitly specify which register to user. This explicit 
register addressing is also relative to TOP. 


The tag word marks the content of each numeric 
data register, as Figure 2.1 shows. Each two-bit tag 
represents one of the eight numerics registers. The 
principal function of the tag word is to optimize the 
NPXs performance and stack handling by making it 
possible to distinguish between empty and nonemp- 
ty register locations. It also enables exception han- 
dlers to check the contents of a stack location with- 
out the need to perform complex decoding of the 
actual data. 


80387 
BUSY 


TOP Of 
STACK POINTER 


CONDITION 
CODE 


EXCEPTION fLAGS: 


PRECISION 


UNDERfLOW 


OVERfLOW 


ZERO DIVIDE 


DENORMALIZED 
OPERAND 


INVALID 
OPERATION 


ES is set if any unmasked 
exception 
bit is set; cleared 
otherwise. 


See Table 
2.2 for interpretation 
of condition 
code. 


TOP values: 


000 = Register 
0 is Top of Stack 
001 = Register 
1 is Top of Stack 
. 


• 
111 = Register 
7 is Top of Stack 
For definitions 
of exceptions, 
refer 
to the section 
entitled 


"Exception 
Handling" 


The 16-bit status word (in the status register) shown 
in Figure 2.2 reflects the overall state of the 80387. 
It may be read and inspected by CPU code. 


Bit 15, the B-bit (busy bit) is included for 8087 com- 
patibility only. It reflects the contents of the ES bit 
(bit 7 of the status word), not the status of the 
BUSY", output of 80387/80287. 


Bits 13-11 (TOP) point to the 80387 register that is 
the current top-of-stack. 


The four numeric condition code bits (C3-CO) are 
similar to the flags in a CPU; instructions that per- 
form arithmetic operations update these bits to re- 
flect the outcome. The effects of these instructions 
on the condition code are summarized in Tables 2.2 
through 2.5. 


Bit 7 is the error summary (ES) status bit. This bit is 
set if any unmasked exception bit is set; it is clear 
otherwise. If this bit is set, the ERROR'" signal is 
asserted. 


Bit 6 is the stack flag (SF). This bit is used to distin- 
guish invalid operations due to stack overflow or un- 
derflow from other kinds of invalid operations. When 
SF is set, bit 9 (Cl) distinguishes between stack 
overflow (Cl = 1) and underflow (C1 = 0). 


Figure 2.2 shows the six exception flags in bits 5-0 
of the status word. Bits 5-0 are set to indicate that 
the 80387 has detected an exception while execut- 
ing an instruction. A later section entitled "Exception 
Handling" explains how they are set and used. 


Note that when a new value is loaded into the status 
word by the FLDENV or FRSTOR instruction, the 
value of ES (bit 7) and its reflection in the B-bit (bit 
15) are not derived from the values loaded from 
memory but rather are dependent upon the values of 
the exception flags (bits 5-0) in the status word and 
their corresponding masks in the control word. If ES 
is set in such a case, the ERROR'" output of the 
80387 is activated immediately. 


Instruction 
CO (5) 
I 
C3 (Z) 
C1 (A) 
C2 (C) 


FPREM, FPREM1 
Three least significant 
bits 
Reduction 
(see Table 2.3) 
of quotient 
0= 
complete 


02 
00 
01 
1 = incomplete 
orO/U# 


FCOM, FCOMP, 
FCOMPP, FTST, 
Result of comparison 
Zero 
Operand 
is not 


FUCOM, FUCOMP, 
(see Table 2.4) 
orO/U# 
comparable 


FUCOMPP, 
FICOM, 
(Table 2.4) 


FICOMP 


FXAM 
Operand 
class 
Sign 
Operand 
class 


(see Table 2.5) 
orO/U# 
(Table 2.5) 


FCHS, FABS, FXCH, 
FINCTOP, 
FDECTOP, 
Zero 
Constant 
loads, 
UNDEFINED 
orO/U# 


UNDEFINED 
FXTRACT, 
FLD, 
FILD, FBLD, 
FSTP (ext real) 


FIST, FBSTP, 
FRNDINT, 
FST, 
FSTP, FADD, FMUL, 
Roundup 
FDIV, FDIVR, 
UNDEFINED 
UNDEFINED 
FSUB, FSUBR, 
orO/U# 


FSCALE, 
FSORT, 
FPATAN, 
F2XM1, 
FYL2X, FYL2XP1 


FPTAN, FSIN 
Roundup 
Reduction 
FCOS, FSINCOS 
UNDEFINED 
orO/U#, 
0= 
complete 


undefined 
1 = incomplete 


ifC2 
= 
1 


FLDENV, 
FRSTOR 
Each bit loaded from memory 


FLDCW, FSTENV, 
> 


FSTCW, FSTSW, 
UNDEFINED 


FCLEX, FINIT, 
FSAVE 


O/U# 
When 
both 
IE and 
SF bits of status 
word 
are set, indicating 
a stack 
exception, 
this 
bit 
distinguishes 
between 
stack overflow 
(C1 = 
1) and underflow 
(C1 = 
0). 


Reduction 
If FPREM 
or FPREM1 
produces 
a remainder 
that 
is less than the modulus, 
reduction 
is 
complete. 
When 
reduction 
is incomplete 
the 
value 
at the 
top 
of the 
stack 
is a partial 
remainder, 
which 
can be used as input to further 
reduction. 
For FPTAN, 
FSIN, FCOS, and 
FSINCOS, 
the reduction 
bit is set if the operand 
at the top of the stack is too large. In this 
case the original 
operand 
remains 
at the top of the stack. 


Roundup 
When the PE bit of the status word is set, this bit indicates 
whether 
the last rounding 
in the 
instruction 
was upward. 


UNDEFINED 
Do not rely on finding 
any specific 
value in these bits. 


inter 


Condition 
Code 
Interpretation 
after FPREM and FPREM1 


C2 
C3 
C1 
CO 


Incomplete 
Reduction: 
1 
X 
X 
X 
further interation 
required 


for complete 
reduction 


01 
00 
02 
o MOD8 


0 
0 
0 
0 


, 
0 
1 
0 
1 
Complete 
Reduction: 
0 
1 
0 
0 
2 
CO, C3, C1 contain three least 
1 
1 
0 
3 


0 
0 
1 
4 
significant 
bits of quotient 


j 
0 
1 
1 
5 


1 
0 
1 
6 


1 
1 
1 
7 


Order 
C3 
C2 
CO 


TOP> 
Operand 
0 
0 
0 


TOP < Operand 
0 
0 
1 
TOP = Operand 
1 
0 
0 


Unordered 
1 
1 
1 


C3 
C2 
C1 
CO 
Value at TOP 


0 
0 
0 
0 
+ Unsupported 
0 
I 
0 
0 
1 
+ NaN 


0 
0 
1 
0 
- 
Unsupported 
0 
0 
1 
1 
- 
NaN 


0 
1 
0 
0 
+ Normal 


0 
1 
0 
1 
+ Infinity 


0 
1 
1 
0 
- 
Normal 


0 
1 
1 
1 
- 
Infinity 


1 
0 
0 
0 
+0 


1 
0 
0 
1 
+ Empty 


1 
0 
1 
0 
-0 


1 
0 
1 
1 
- 
Empty 


1 
1 
0 
0 
+ Denormal 
1 
1 
1 
0 
- 
Denormal 


Because the NPX operates in parallel with the CPU, 
any errors detected by the NPX may be reported 
after the CPU has executed the ESC instruction 
which caused it. To allow identification of the failing 
numeric instruction, the 80386/80387 
contains two 


pointer registers that supply the address of the fail- 
ing numeric instruction and the address of its numer- 
ic memory operand (if appropriate). 


The instruction and data pointers are provided for 
user-written error handlers. These registers are ac- 
tually located in the 80386, but appear to be located 
in the 80387 because they are accessed by the ESC 
instructions 
FLDENV, 
FSTENV, 
FSAVE, 
and 


FRSTOR. (In the 
8086/8087 
and 80286/80287, 
these registers are located in the NPX.) Whenever 
the 80386 decodes a new ESC instruction, it saves 


the address of the instruction (including any prefixes 
that may be present), the address of the operand (if 
present), and the opcode. 


The instruction and data pointers appear in one of 
four formats depending on the operating mode of 
the 80386 (protected mode or real-address mode) 
and depending on the operand-size attribute in ef- 
fect (32-bit operand or 16-bit operand). When the 
80386 is in virtual·8086 mode, the real-address 
mode formats are used. (See Figures 2.3 through 
2.6.) The 
ESC instructions 
FLDENV, FSTENV, 


FSAVE, and FRSTOR are used to transfer these val- 
ues between the 80386 registers and memory. Note 
that the value of the data pointer is undefined 
if the 


prior ESC instruction did not have a memory oper- 
and. 


32-BIT PROTECTEDMODE FORMAT 


3123 
15 
7, 


RESERVED 
CONTR~L WORD 


I 


RESERVED 
STATUS WORD 
, 


I 


RESERVED 
TAG~ORD 
-, 


IPOFFSET 
, 


I 


I 


00000 
OPCODE 10..0 
CSSELECTOR 
, 


I 


DATA OPERAND OFFSET 
,-, 


RESERVED 
OPERAND ~ELECTOR 


I 


inter 


32-BIT REAL-ADDRESS 
MODE FORMAT 


23 
15 
7 
, 


RESERVED 
, 
CONTRqL 
WORD 


RESERVED 
STATU~WORD 


RESERVED 
TAG~ORD 


RESERVED 
INSTRUCTION,POINTER 
15..0 


0000 
I 
INSTRUCTION 
POINTER 
31 ..16 
I 
0 I OPqODE 
10..0 


RESERVED 
OPERAND 
PplNTER 
15..0 


0000 
I 
OPERAND 
POINTER 
31..16 
I 
0000 
, 
00000000 


16-BIT PROTECTED 
MODE FORMAT 


15 
7 
0 
,, 


CONTROL 
WORD 
,, 


STATUS WORD 
,, 


TAG WORD 
,, 


IPO~FSET 
, 


CS SEL,ECTOR 


OPERAND 
OFFSET 
, 


OPERAND 
SELECTOR 


Figure 2.5. Protected 
Mode 80387 


Instruction 
and Data Pointer 


Image in Memory, 
1~.BltFormat 


16-BIT REAL-ADDRESS 
MODE AND 


VIRTUAL-8086 
MODE FORMAT 


15 
7 
0 


0 
CONTROL 
WORD 
0 


2 
STATUS WORD 
2 


4 
TAG WORD 
4 


6 
INSTRUCTION 
POINTER 
15..0 
6 


8 
IP19.16 
0 
OPCODE 
10..0 
8 


A 
OPERAND 
POINTER 
15 ..0 
A 


C 
DP 19.16 
0 0 0 0 0 0 0 0 0 0 
0 
0 
C 


Figure 2.6. Real Mode 80387 
Instruction 
and Data Pointer 


Image In Memory, 
16·Blt Format 


inter 


RESERVED 


RESERVEOO 


ROUNDING 
CONTROL 


PRECISION 
CONTROL 


EXCEPTION 
MASKS: 


PRECISION 


UNDERFLOW 


OVERFLOW 


ZERO DIVIDE 


DENORMALIZED 
OPERAND 


INVALID 
OPERATION 


Precision Control 
00-24 
bits (single precision) 
01-(reserved) 
10-53 
bits (double precision) 
11-64 
bits (extended precision) 


• "0" 
AFTER RESET OR FIN IT; 


CHANGEABLE 
UPON 
LOADING 
THE 


CONTROL 
WORD (CW). 
PROGRAMS 


MUST IGNORE-THIS 
BIT. 


Rounding Control 
()().......floundto nearest or even 
01-Round 
down (toward - 00) 


lO-Round 
up (toward + 00) 


ll-ehop 
(truncate toward zero) 


The NPX provides several processing options that 
are selected by loading a control word from memory 
into the control register. Figure 2.7 shows the format 
and encoding of fields in the control word. 


The low-order byte of this control word configures 
the 80387 error and exception masking. Bits 5-0 of 
the control word contain individual masks for each of 
the six exceptions that the 80387 recognizes. 


The high-order byte of the control word configures 
the 80387 operating mode, including precision and 
rounding. 
• Bit 12 no longer defines infinity control and is a 


reserved bit. Only affine closure is supported for 
infinity arithmetic. The bit is initialized to zero after 
RESET or FINIT and is changeable upon loading 
the CWoPrograms must ignore this bit. 


• The rounding control (RC) bits (bits 11-10) pro- 
vide for directed rounding and true chop, as well 
as the unbiased round to nearest even mode 
specified in the IEEE standard. Rounding control 


affects 
only 
those 
instructions 
that 
perform 


rounding at the end of the operation (and thus 
can generate a precision exception); namely, 
FST, FSTP, FIST, all arithmetic instructions (ex- 
cept FPREM, FPREM1, FXTRACT, FABS, and 
FCHS), and all transcendental instructions. 


• The precision control (PC) bits (bits 9-8) can be 


used to set the 80387 internal operating precision 
of the significand at less than the default of 64 
bits (extended precision). This can be useful in 
providing compatibility with early generation arith- 
metic processors of smaller precision. PC affects 
only the instructions ADD, SUB, DIV, MUL, and 
SORT. For all other instructions, either the preci- 
sion is determined by the opcode or extended 
precision is used. 


2.4 Interrupt 
Description 


Several interrupts of the 80386 are used to report 
exceptional conditions while executing numeric pro- 
grams in either real or protected mode. Table 2.6 
shows these interrupts and their causes. 


inter 


Interrupt 
Cause of Interrupt 
Number 


7 
An ESC instruction 
was encountered 
when EM or TS of 80386 control 
register zero (CRO) 
was set. EM = 1 indicates 
that software 
emulation 
of the instruction 
is required. When TS 
is set, either an ESC or WAIT instruction 
causes interrupt 7. This indicates 
that the current 
NPX context 
may not belong to the current task. 


9 
An operand 
of a coprocessor 
instruction 
wrapped 
around an addressing 
limit (OFFFFH for 
small segments, 
OFFFFFFFFH 
for big segments, 
zero for expand-down 
segments) 
and 
spanned 
inaccessible 
addressesa. 
The failing numerics 
instruction 
is not restartable. 
The 
address of the failing numerics 
instruction 
and data operand 
may be lost; an FSTENV does 
not return reliable addresses. 
As with the 80286/80287, the segment 
overrun exception 
should be handled by executing 
an FNINIT instruction 
(Le. an FINIT without a preceding 
WAIT). The return address on the stack does not necessarily 
point to the failing instruction 
nor to the following 
instruction. 
The interrupt 
can be avoided 
by never allowing 
numeric 
data to start within 108 bytes of the end of a segment. 


13 
The first word or doubleword 
of a numerLc operand 
is not entirely within the limit of its 
segment. 
The return address 
pushed onto the stack of the exception 
handler points at the 
ESC instruction 
that caused the exception, 
including 
any prefixes. The 80387 has not 
executed 
this instruction; 
the instruction 
pointer and data pointer register refer to a 
previous, 
correctly 
executed 
instruction. 


16 
The previous 
numerics 
instruction 
caused an unmasked 
exception. 
The address of the 
faulty instruction 
and the address of its operand 
are stored in the instruction 
pointer and 
data pointer registers. 
Only ESC and WAIT instructions 
can cause this interrupt. 
The 
80386 return address 
pushed onto the stack of the exception 
handler points to a WAIT or 
ESC instruction 
(including 
prefixes). This instruction 
can be restarted 
after clearing the 
exception 
condition 
in the NPX. FNINIT, FNCLEX, FNSTSW, 
FNSTENV, 
and FNSAVE 
cannot cause this interrupt. 


a. An operand 
may wrap 
around 
an addressing 
limit when 
the segment 
limit is near an addressing 
limit and the operand 
is near the largest 
valid 
address 
in the segment. 
Because 
of the wrap-around. 
the beginning 
and ending 
addresses 
of such 
an operand 
will be at opposite 
ends 
of the 
segment. 
There 
are two ways 
that such 
an operand 
may also 
span 
inaccessible 
addresses: 
1) ~ the segment 
limit is not equal 
to the addressing 
limit (e.g. addressing 
limit is FFFFH 
and segment 
limit is FFFDH) 
the operand 
will span addresses 
that are not within 
the segment 
(e.g. an a-byte 
operand 
that 
starts 
at valid 
offset 
FFFC 
will 
span 
addresses 
FFFC-FFFF 
and 
0000-0003; 
however 
addresses 
FFFE 
and 
FFFF 
are 
not 
valid, 


because 
they exceed 
the Iim~); 2) ~ the operand 
begins 
and ends 
in present 
and accessible 
pages 
but intermediate 
bytes 
of the operand 
fall in a 
not·pnlsent 
page 
or a page 
to which 
the procedure 
does 
not have 
access 
rights. 


2.5 Exception 
Handling 


The 80387 detects 
six different 
exception 
conditions 


that 
can 
occur 
during 
instruction 
execution. 
Table 


2.7 lists the exception 
conditions 
in order of prece- 
dence, 
showing 
for each the cause and the default 


action taken by the 80387 if the exception 
is masked 


by its corresponding 
mask bit in the control 
word. 


Any 
exception 
that 
is not 
masked 
by the 
control 


word 
sets 
the corresponding 
exception 
flag of the 


status word, sets the ES bit of the status word, and 
asserts 
the 
ERROR if 
signal. 
When 
the 
CPU 
at- 


tempts 
to execute 
another 
ESC instruction 
or WAIT, 


exception 
7 occurs. 
The 
exception 
condition 
must 


be 
resolved 
via 
an 
interrupt 
service 
routine. 
The 


80386/80387 
saves 
the 
address 
of 
the 
f1oating- 


point instruction 
that caused 
the exception 
and the 


address 
of any memory 
operand 
required 
by that in- 
struction. 


80387 initialization 
software 
must execute 
an FNIN- 


IT instruction 
(Le. 
an 
FINIT 
with,out 
a 
preceding 


WAIT) 
to 
clear 
ERRORiF. 
The 
FNINIT 
is not 
re- 


quired 
for 
the 80287, though 
Intel 
documentation 


recommends 
its use (refer to the Numerics 
Supple- 


ment 
to 
the 
iAPX 286 Programmer's 
Reference 


Manual). 
After 
a hardware 
RESET, 
the 
ERRORiF 


output 
is asserted 
to indicate 
that an 80387 is pres- 


ent. To accomplish 
this, the 
IE and ES bits of the 


status 
word 
are set, and the 
1M bit in the 
control 


word is reset. After FNINIT, the status word and the 
control 
word have the same values 
as in an 80287 


after RESET. 


inter 


This 
section 
summarizes 
the 
differences 
between 


the 80387 
and the 80287. 
Any migration 
from 
the 


8087 directly 
to the 80387 
must also take 
into ac- 


count 
the 
differences 
between 
the 
8087 
and 
the 


80287 
as listed in Appendix 
A. 


Many changes 
have been designed 
into the 80387 


to directly 
support 
the 
IEEE standard 
in hardware. 
These 
changes 
result 
in increased 
performance 
by 


eliminating 
the need for software 
that supports 
the 


standard. 


The 
80387 
supports 
only 
affine 
closure 
for infinity 


arithmetic, 
not projective 
closure. 
Bit 12 of the Con- 


trol Word (CW) no longer defines 
infinity control. 
It is 


a reserved 
bit; but it is initialized 
to zero after RESET 


or FINIT 
and is changeable 
upon 
loading 
the CWo 


Programs 
must ignore this bit. 


Operands 
for FSCALE 
and FPATAN 
are no longer 


restricted 
in range 
(except 
for 
± 00); 
F2XM1 
and 


FPT AN accept 
a wider range of operands. 


The 
results 
of 
transcendental 
operations 
may 
be 


slightly 
different 
from those computed 
by 80287. 


In the 
case 
of FPT AN, the 
80387 
supplies 
a true 


tangent 
result in ST(1), and (always) 
a floating 
point 


1 in ST. 


Software 
cannot 
change 
entries 
of the tag word to 


values 
(other than empty) that do not reflect 
the ac- 


tual register 
contents. 


After 
reset, 
FINIT, 
and 
incomplete 
FPREM, 
the 


80387 resets to zero the condition 
code bits C3-CO 


of the status word. 


In conformance 
with the IEEE standard, 
the 80387 


does 
not 
support 
the 
special 
data 
formats: 
pseu- 


dozero, 
pseudo-NaN, 
pseudoinfinity, 
and unnormal. 


, 


Default Action 
Exception 
Cause 
(If exception 
Is masked) 


Invalid 
Operation 
on a signaling 
NaN, unsupported 
format, 
Result is a quiet NaN, integer 
Operation 
indeterminate 
form (0' 00, 0/0, (+ 00) + (- 
00), etc.), or 
indefinite, 
or BCD indefinite 
stack overflow/underflow 
(SF is also set). 


Denormalized 
At least one of the operands 
is denormalized, 
i.e. it has 
Normal processing 
Operand 
the smallest 
exponent 
but a nonzero 
significand. 
continues 


Zero Divisor 
The divisor is zero while the dividend 
is a noninfinite, 
Result is 00 


nonzero 
number. 


Overflow 
The result is too large in magnitude 
to fit in the specified 
Result is largest finite value 
format. 
or 00 


Underflow 
The true result is nonzero 
but too small to be 
Result is denormalized 
or 
represented 
in the specified 
format, and, if underflow 
zero 


exception 
is masked, denormalization 
causes loss of 


accuracy. 


Inexact 
The true result is not exactly representable 
in the 
Normal processing 
Result 
specified 
format (e.g. 1/3); the result is rounded 
continues 


(Precision) 
according 
to the rounding 
mode. 


inter 


A number of differences exist due to changes in the 
IEEE standard and to functional improvements to 
the architecture of the 80387: 
1. When the overflow or underflow exception is 


masked, the 80387 differs from the 80287 in 
rounding when overflow or underflow occurs. 
The 80387 produces results that are consistent 
with the rounding mode. 
2. When the underflow exception is masked, the 


80387 sets its underflow flag only if there is also 
a loss of accuracy during denormalization. 


3. Fewer invalid-operation exceptions due to de- 


normal 
operands, 
because 
the 
instructions 


FSQRT, FOIV, FPREM, and conversions to BCD 
or to integer normalize denormal operands be- 
fore proceeding. 
. 


4. The FSQRT, FBSTP, and FPREM instructions 


may cause underflow, because they support de- 
normal operands. 
5. The denormal exception can occur during the 


transcendental instructions and the FXTRACT 
instruction. 


6. The denormal exception no longer takes prece- 


dence over all other exceptions. 
7. When the denormal exception is masked, the 


80387 automatically normalizes denormal oper- 
ands. The 8087/80287 performs unnormal arith- 
metic, which might produce an unnormal result. 


8. When the operand is zero, the FXTRACT in- 


struction reports a zero-divide exception and 
leaves - 
00 in ST(1). 


9. The status word has a new bit (SF) that signals 


when invalid-operation exceptions are due to 
stack underflow or overflow. 
10. FLO extended precision no longer reports denor- 
mal exceptions, because the instruction is not 
numeric. 


11. FLO single/double precision when the operand 


is denormal converts the number to extended 
precision and signals the denormalized operand 
exception. When loading a signaling NaN, FLO 
single/double precision signals an invalid-oper- 
and exception. 


12. The 80387 only generates quiet NaNs (as on the 


80287); however, the 80387 distinguishes be- 
tween quiet NaNs and signaling NaNs. Signaling 
NaNs trigger exceptions when they are used as 
operands; quiet NaNs do not (except for FCOM, 
FIST, and FBSTP which also raise IE for quiet 
NaNs). 
13. When stack overflow occurs during FPTAN and 


overflow is masked, both ST(O)and ST(1) con- 
tain quiet NaNs. The 80287/8087 
leaves the 


original operand in ST(1) intact. 


14. When the scaling factor is ± 00, the FSCALE 


(ST(O), ST(1)) instruction behaves as follows 
(ST(O)and ST(1) contain the scaled and scaling 
operands respectively): 


.' FSCALE(O,00) generates the invalid operation 


exception. 


• FSCALE(finite, - 00) generates zero with the 


same sign as the scaled operand. 


• FSCALE(finite, + 00) generates 
00 with the 


same sign as the scaled operand. 


The 8087/80287 returns zero in the first case 
and raises the invalid-operation exception in the 
other cases. 


15. The 80387 returns signed infinity/zero as the un- 


masked response to massive overflow/under- 
flow. The 8087 and 80287 support a limited 
range for the scaling factor; within this range ei- 
ther massive overflow/underflow do not occur or 
undefined results are produced. 


In the following description of hardware interface, 
the # symbol at the end of a signal name indicates 
that the active or asserted state occurs when the 
signal is at a low voltage. When no # is present after 
the signal name, the signal is asserted when at the 
high voltage level. 


3.1 Signal Description 


In the following signal descriptions, the 80387 pins 
are grouped by function as follows: 
1. Execution control-386CLK2, 
387CLK2, CKM, 


RESETIN 
2. NPX handshake-PEREQ, 
BUSY#, ERROR# 


3. Bus interface 
pins-031-00, 
W/R#, 
AOS#, 


REAOY#, REAOYO# 


4. Chip/Port 
Select-STEN, 
NPS1#, 
NPS2, 


CMOO# 


5. Power supplies-Vcc, 
Vss 


Table 3.1 lists every pin by its identifier, gives a brief 
description of its function, and lists some of its char- 
acteristics. All output signals are tristate; they leave 
floating state only when STEN is active. The output 
buffers of the bidirectional data pins 031-00 
are 


also tristate; they leave floating state only in read 
cycles when the 80387 is selected (I.e.when STEN, 
NPS1#, and NPS2 are all active). 


Figure 3.1 and Table 3.2 together show the location 
of every pin in the pin grid array. 


Pin 
Function 
Active 
Input! 
Referenced 


Name 
State 
Output 
To 


386CLK2 
80386 CLocK 2 
I 


387CLK2 
80387 CLocK 2 
I 


CKM 
80387 CLocKing 
Mode 
I 


RESETIN 
System reset 
High 
I 
386CLK2 


PEREQ 
Processor 
Extension 
High 
0 
386CLK2/STEN 
REQuest 


8USY# 
8usy status 
Low 
0 
. 
386CLK2/STEN 
ERROR# 
Error status 
Low 
0 
387CLK2/STEN 


031-00 
Data pins 
High 
I/O 
386CLK2 
W/R# 
Write/Read 
bus cycle 
Hi/La 
I 
386CLK2 
AOS# 
ADdress 
Strobe 
Low 
I 
386CLK2 
REAOY# 
8us ready input 
Low 
I 
386CLK2 
REAOYO# 
Ready output 
Low 
0 
386CLK2/STEN 


STEN 
STatus ENable 
High 
I 
386CLK2 
NPS1# 
NPX select 
# 1 
Low 
I 
386CLK2 
NPS2 
NPX select 
# 2 
High 
I 
386CLK2 
CMOO# 
CoMmanD 
Low 
I 
386CLK2 


Vcc 
I 


Vss 
I 


NOTE: 
STEN is referenced 
to only when 
getting 
the output 
pins into or out of tristate 
mode. 


A2 
- 
09 
C11 
- 
Vss 
J10 
- 
Vss 
A3 
- 
011 
01 
- 
05 
J11 
- 
CKM 
A4 
- 
012 
02 
- 
04 
K1 - 
PEREQ 
A5 
- 
014 
010 
- 
024 
K2 
- 
8USY# 
A6 
- 
Vcc 
011 
- 
025 
K3 - 
Tie High 
A7 
- 
016 
E1 
- 
Vcc 
K4 
- 
W/R# 
A8 
- 
018 
E2 
- 
Vss 
K5 
- 
Vcc 
A9 
- 
Vcc 
E10 
- 
026 
K6 
- 
NPS2 
A10 
- 
021 
E11 
- 
027 
K7 - 
AOS# 
81 
- 
08 
F1 
- 
Vcc 
K8 
- 
REAOY# 
82 
- 
Vss 
F2 
- 
Vss 
K9 
- 
No Connect 
83 
- 
010 
F10 
- 
Vcc 
K10 
- 
386CLK2 
84 
- 
Vcc 
F11 
- 
Vss 
K11 
- 
387CLK2 
85 
- 
013 
G1 
- 
03 
L2 
- 
ERROR# 
86 
- 
015 
G2 
- 
02 
L3 
- 
REAOYO# 
87 
- 
Vss 
G10 
- 
028 
L4 
- 
STEN 
88 
- 
017 
G11 
- 
029 
L5 
- 
Vss 
89 
- 
019 
H1 
- 
01 
L6 
- 
NPS1# 
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This input uses the 80386 CLK2 signal to time the 
bus control logic. Several other 80387 signals are 
referenced to the rising edge of this signal. When 
CKM = 1 (synchronous mode) this pin also clocks 
the data interface and control unit and the floating- 
point unit of the 80387. This pin requires MOS-Ievel 
input. The signal on this pin is divided by two to pro- 
duce the internal clock signal CLK. 


When CKM = 0 (asynchronous mode) this pin pro- 
vides the clock for the data interface and control unit 
and the floating-point unit of the 80387. In this case, 
the ratio of the frequency of 387CLK2 to the fre- 
quency of 386CLK2 must lie within the range 10:16 
to 16:10. When CKM = 1 (synchronous mode) this 
pin is ignored; 386CLK2 is used instead for the data 
interface and control unit and the floating-point unit. 
This pin requires TTL-Ievel input. 
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This pin is a strapping option. When it is strapped to 
Vcc, the 80387 operates in synchronous mode; 
when strapped to Vss, the 80387 operates in asyn- 
chronous mode. These modes relate to clocking of 
the data interface and control unit and the floating- 
point unit only; the bus control logic always operates 
synchronously with respect to the 80386. 


A LOW to HIGH transition on this pin causes the 
80387 to terminate its present activity and to enter a 


dormant state. RESETIN must remain HIGH for at 
least 40 387CLK2 periods. The HIGH to LOW tran- 
sitions of 
RESETIN must be synchronous with 


386CLK2, so that the phase of the internal clock of 
the bus control logic (which is the 386CLK2 divided 
by 2) is the same as the phase of the internal clock 
of the 80386. After RESETIN goes LOW, at least 50 
387CLK2 periods must pass before the first NPX in- 
struction is written into the 80387. This pin should be 
connected to the 80386 RESET pin. Table 3.3 
shows the status of other pins after a reset. 


Table 3.3. Output Pin Status During Reset 


Pin Value 
Pin Name 


HIGH 
REAOYO#, BUSY# 


LOW 
PEREa, ERROR# 


Tri-State OFF 
031-00 


3.1.5 PROCESSOR 
EXTENSION 
REQUEST 


(PEREQ) 


When active, this pin signals to the 80386 CPU that 
the 80387 is ready for data transfer to/from its data 
FIFO. When all data is written to or read from the 
data FIFO, PEREa is deactivated. This signal al- 
ways goes inactive before BUSY# goes inactive. 
This signal is referenced to 386CLK2. It should be 
connected to the 80386 PEREa input. Refer to Fig- 
ure 3.7 for the timing relationships between this and 
the BUSY# and ERROR# pins. 


When active, this pin signals to the 80386 CPU that 
the 80387 is currently executing an instruction. This 
signal is referenced to 386CLK2. It should be con- 
nected to the 80386 BUSY# pin. Refer to Figure 3.7 
for the timing relationships between this and the 
PEREa and ERROR# pins. 


This pin reflects the ES bits of the status register. 
When active, it indicates that an unmasked excep- 
tion has occurred (except that, immediately after a 
reset, it indicates to the 80386 that an 80387 is pres- 
ent in the system). This signal can be changed to 
inactive state only by the following instructions (with- 
out 
a 
preceding 
WAIT): 
FNINIT, 
FNCLEX, 


FNSTENV, and FNSAVE. This signal is referenced 
to 387CLK2. It should be connected to the 80386 
ERROR# pin. Refer to Figure 3.7 for the timing rela- 
tionships between this and the PEREa and BUSY# 
pins. 


3.1.8 DATA PINS (D31-DO) 


These bidirectional pins are used to transfer data 
and opcodes between the 80386 and 80387. They 
are normally connected directly to the correspond- 
ing 80386 data pins. HIGH state indicates a value of 
one. DOis the least significant data bit. Timings are 
referenced to 386CLK2. 


3.1.9 WRITE/READ BUS CYCLE (W/R#) 


This signal indicates to the 80387 whether the 
80386 bus cycle in progress is a read or a write cy- 
cle. This pin should be connected directly to the 
80386 W/R# 
pin. HIGH indicates a write cycle; 
LOW, a read cycle. This input is ignored if any of the 
signals STEN, NPS1#, or"NPS2 is inactive. Setup 
and hold times are referenced to 386CLK2. 


3.1.10 ADDRESS STROBE (ADS#) 


This input, in conjunction with the READY# input 
indicates when the 80387 bus-control logic may 
sample W/R# 
and the chip-select signals. Setup 


and hold times are referenced to 386CLK2. This pin 
should be connected to the 80386 ADS# pin. 


3.1.11 BUS READY INPUT (READY#) 


This input indicates to the 80387 when an 80386 
bus cycle is to be terminated. It is used by the bus- 
control logic to trace bus activities. Bus cycles can 
be 
extended 
indefinitely 
until 
terminated 
by 


READY#. This input should be connected to the 
same signal that drives the 80386 READ# input. 
Setup and hold times are referenced to 386CLK2. 


This pin is activated at such a time that write cycles 
are terminated after two clocks and read cycles after 
three clocks. In configurations where no extra wait 
states are required, it can be used to directly drive 
the 80386 READY# input. Refer to section 3.4 "Bus 
Operation" for details. This pin is activated only dur- 
ing bus cycles that select the 80387. This signal is 
referenced to 386CLK2. 


3.1.13 STATUS ENABLE (STEN) 


This pin serves as a chip select for the 80387. When 
inactive, this pin forces BUSY#, PEREa, ERROR#, 
and READYO# outputs into floating state. 031-00 
are normally floating and leave floating state only if 
STEN is active and additional conditions are met. 
STEN also causes the chip to recognize its other 
chip-select inputs. STEN makes it easier to do on- 
board testing (using the overdrive method) of other 


chips in systems containing the 80387. STEN should 
be pulled up with a resistor so that it can be pUlled 
down when testing. In boards that do not use on- 
board testing, STEN should be connected to Vcc. 
Setup and hold times are relative to 386CLK2. Note 
that STEN must maintain the same setup and hold 
times as NPS1#, NPS2, and CMDO# (Le. if STEN 
changes state during an 80387 bus cycle, it should 
change state during the same CLK period as the 
NPS1#, NPS2, and CMDO# signals). 


3.1.14 NPX Select #1 (NPSH) 


When active (along with STEN and NPS2) in the first 
period of an 80386 bus cycle, this signal indicates 
that the purpose of the bus cycle is to communicate 
with the 80387. This pin should be connected direct- 
ly to the 80386 MilOI' 
pin, so that the 80387 is 


selected only when the 80386 performs I/O cycles. 
Setup and hold times are referenced to 386CLK2. 


3.1.15 NPX SELECT #2 (NPS2) 


When active (along with STEN and NPS1#) in the 
first period of an 80386 bus cycle, this signal indi- 
cates that the purpose of the bus cycle is to commu- 
nicate with the 80387. This pin should be connected 
directly to the 80386 A31 pin, so that the 80387 is 
selected only when the 80386 uses one of the I/O 
addresses reserved for the 80387 (800000F8 or 
800000FC). Setup and hold times are referenced to 
386CLK2. 


3.1.16 COMMAND (CMDO#) 


During a write cycle, this signal indicates whether an 
opcode (CMDO# active) or data (CMDO# inactive) 
is being sent to the 80387. During a read cycle, it 
indicates whether the control 
or status register 


(CMDO# active) or a data register (CMDO# inactive) 
is being read. CMDO# should be connected directly 
to the A2 output of the 80386. Setup and hold times 
are referenced to 386CLK2. 


As shown by the block diagram on the front page, 
the NPX is internally divided into three sections: the 
bus control logic (BCL), the data interface and con· 
trol unit, and the floating point unit (FPU). The FPU 
(with the support of the control unit which contains 
the sequencer and other support units) executes all 
numerics instructions. The data interface and control 
unit is responsible for the data flow to and from the 
FPU and the control registers, for receiving the in- 
structions, decoding them, and sequencing the mi- 
croinstructions, and for handling some of the admin- 


istrative instructions. The BCL is responsible for 
80386 bus tracking and interface. The BCL is the 
only unit in the 80387 that must run synchronously 
with the 80386; the rest of the 80387 can run asyn- 
chronously with respect to the 80386. 


The BCL communicates solely with the CPU using 
I/O bus cycles. The BCL appears to the CPU as a 
special peripheral device. It is special in two re- 
spects: the CPU initiates I/O automatically when it 
encounters ESC instructions, and the CPU uses re- 
served I/O addresses to communicate with the BCL. 
The BCL does not communicate directly with memo- 
ry. The CPU performs all memory access, transfer- 
ring input operands from memory to the 80387 and 
transferring outputs from the 80387 to memory. 


3.2.2 DATA 
INTERFACE 
AND CONTROL 
UNIT 


The data interface and control unit latches the data 
and, subject to BCL control, directs the data to the 
FIFO or the instruction decoder. The instruction de- 
coder decodes the ESC instructions sent to it by the 
CPU and generates controls that direct the data flow 
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in the FIFO. It also triggers the microinstruction se- 
quencer that controls execution of each instruction. 
If the ESC instruction is FINIT, FCLEX, FSTSW, 
FSTSW AX, or FSTCW, the control executes it inde- 
pendently of the FPU and the sequencer. The data 
interface and control unit is the one that generates 
the BUSYII, PEREa and ERROR# signals that syn- 
chronize 80387 activities with the 80386. It also sup- 
ports the FPU in all operations that it cannot perform 
alone (e.g. exceptions handling, transcendental op- 
erations, etc.). 


3.2.3 FLOATING 
POINT 
UNIT 


The FPU executes all instructions that involve the 
register stack, inclUdingarithmetic, logical, transcen- 
dental, constant, and data transfer instructions. The 
data path in the FPU is 84 bits wide (68 significant 
bits, 15 exponent bits, and a sign bit) which allows 
internal operand transfers to be performed at very 
high speeds. 


3.3 System Configuration 


As an extension to the 80386, the 80387 can be 
connected to the CPU as shown by Figure 3.2. A 
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dedicated communication protocol makes possible 
high-speed transfer of opcodes and operands be- 
tween the 80386 and 80387. The 80387 is designed 
so that no additional components are required for 
interface with the 80386. The 80387 shares the 32- 
bit wide local bus of the 80386 and most control pins 
of the 80387 are connected directly to pins of the 
80386. 


3.3.1 BUS CYCLE TRACKING 


The ADS# and READY# signals allow the 80387 to 
track the beginning and end of 80386 bus cycles, 
respectively. When ADS# is asserted at the same 
time as the 80387 chip-select inputs, the bus cycle is 
intended for the 80387. To signal the end of a bus 
cycle for the 80387, READY# may be asserted di- 
rectly or indirectly by the 80387 or by other bus-con- 
trol logic. Refer to Table 3.4 for definition of the 
types of 80387 bus cycles. 


3.3.2 80387 ADDRESSING 


The NPS1#, NPS2 and STEN signals allow the NPX 
to identify which bus cycles are intended for the 
NPX. The NPX responds only to I/O cycles when bit 
31 of the I/O address is set. In other words, the NPX 
acts as an I/O device in a reserved I/O address 
space. 


Because A31 is used to select the 80387 for data 
transfers, it is not possible for a program running on 
the 80386 to address the 80387 with an I/O instruc- 
tion. Only ESC instructions cause the 80386 to com- 
municate with the 80387. The 80386 BS16# input 
must be inactive during 1/0 cycles when A31 is ac- 
tive. 


The CMDO# and W/R# 
signals identify the four 


kinds of bus cycle: control or status register read, 
data read, opcode write, data write. 


3.3.4 CPU/NPX Synchronization 


The pin pairs BUSY#, PEREa, and ERROR# are 
used for various aspects of synchronization between 
the CPU and the NPX. 


BUSY# is used to synchronize instruction transfer 
from the 80386 to the 80387. When the 80387 rec- 
ognizes an ESC instruction, it asserts BUSY#. For 
most ESC instructions, the 80386 waits for the 
80387 to deassert BUSY# before sending the new 
opcode. 


The NPX uses the PEREa pin of the 80386 CPU to 
signal that the NPX is ready for data transfer to or 
from its data FIFO. The NPX does not directly ac- 
cess memory; rather, the 80386 provides memory 
access services for the NPX. Thus, memory access 
on behalf of the NPXalways obeys the rules applica- 
ble to the mode of the 80386, whether the 80386 be 
in real-address mode or protected mode. 


Once the 80386 initiates an 80387 instruction that 
has operands, the 80386 waits for PEREa signals 
that indicate when the 80387 is ready for operand 
transfer. Once all operands have been transferred 
(or if the instruction has no operands) the 80386 
continues program execution while the 80387 exe- 
cutes the ESC instruction. 


In 8086/8087 
systems, WAIT instructions may be 


required to achieve synchronization of both com- 
mands 
and 
operands. 
In 
80286/80287 
and 


80386/80387 
systems, WAIT instructions are re- 


quired only for operand synchronization; namely, af- 
ter NPX stores to memory (except FSTSW and 
FSTCW) or loads from memory. Used this way, 
WAIT ensures that the value has already been writ- 
ten or read by the NPX before the CPU reads or 
changes the value. 


Once it has started to execute a numerics instruction 
and has transferred the operands from the 80386, 
the 80387 can process the instruction in parallel with 
and independent of the host CPU. When the NPX 
detects an exception, it asserts the ERROR# signal, 
which causes an 80386 interrupt. 


3.3.5 SYNCHRONOUS OR ASYNCHRONOUS 
MODES 


The internal logic of the 80387 (the FPU) can either 
operate directly from the CPU clock (synchronous 


inter 


mode) or from a separate clock (asynchronous 
mode). The two configurations are distinguished by 
the CKM pin. In either case, the bus control logic 
(BCl) of the 80387 is synchronized with the CPU 
clock. Use of asynchronous mode allows the 80386 
and the FPU section of the 80387 to run at different 
speeds. In this case, the ratio of the frequency of 
387ClK2 to the frequency of 386ClK2 must lie with- 
in the range 10:16 to 16:10. Use of synchronous 
mode eliminates one clock generator from the board 
design. 


In configurations where no extra wait states are re- 
quired, READYO# can be used to drive the 80386 
READY# input. If this pin is used, it should be con- 
nected to the logic that ORs all READY outputs from 
peripherals on the 80386 bus. READYO# is assert- 
ed by the 80387 only during 1/0 cycles that select 
the 80387. Refer to section 3.4 "Bus Operation" for 
details. 


3.4 Bus Operation 


With respect to the bus interface, the 80387 is fully 
synchronous with the 80386. Both operate at the 
same rate, because each generates its internal ClK 
signal by dividing 386ClK2 by two. 


The 80386 initiates a new bus cycle by activating 
ADS#. The 80387 recognizes a bus cycle, if, during 
the 
cycle 
in which ADS# 
is activated, STEN, 
NPS1#, and NPS2 are all activated. Proper opera- 
tion is achieved if NPS1# 
is connected to the 


M/IO# 
output of the 80386, and NPS2 to the A31 


output. The 80386's A31 output is guaranteed to be 
inactive in all bus cycles that do not address the 
80387 (Le. 1/0 cycles to other devices, interrupt ac- 
knowledge, and reserved types of bus cycles). Sys- 
tem logic must not signal a 16-bit bus cycle via the 
80386 BS16# input during I/O cycles when A31 is 
active. 


During the ClK period in which ADS# is activated, 
the 80387 also examines the W/R# 
input signal to 


determine whether the cycle is a read or a write cy- 
cle and examines the CMDO# input to determine 
whether an opcode, operand, or control/status reg- 
ister transfer is to occur. 


The 80387 supports both pipelined and nonpipe- 
lined bus cycles. A nonpipelined cycle is one for 
which the 80386 asserts ADS# 
when no other 


80387 bus cycle is in progress. A pipelined bus cycle 
is one for which the 80386 asserts ADS# and pro- 
vides valid next-address and control signals as soon 
as in the second ClK period after the ADS# asser- 
tion for the previous 80386 bus cycle. Pipelining in- 


creases the availability of the bus by at least one 
ClK period. The 80387 supports pipelined bus cy- 
cles in order to optimize address pipelining by the 
80386 for memory cycles. 


Bus operation is described in terms of an abstract 
state machine. Figure 3.3 illustrates the states and 
state transitions for 80387 bus cycles: 


• T, is the idle state. This is the state of the bus 


logic after RESET, the state to which bus logic 
returns after evey nonpipelined bus cycle, and 
the state to which bus logic returns after a series 
of pipelined cycles. 


• TAS is the READY# sensitive state. Different 


types of bus cycle may require a minimum of one 
or two successive TAS states. The bus logic re- 
mains in TAS state until READY# is sensed, at 
which point the bus cycle terminates. Any number 
of wait states may be implemented by delaying 
READY#, thereby causing additional successive 
TAS states. 
• Tp is the first state for every pipelined bus cycle. 


The READYO# output of the 80387 indicates when 
a bus cycle for the 80387 may be terminated if no 
extra wait states are required. For all write cycles 
(except those for the instructions FlDENV 
and 


FRSTOR), READYO# is always asserted in the first 
TAS state, regardless of the number of wait states. 
For all read cycles and write cycles for FlDENV and 
FRSTOR, READYO# is always asserted in the sec- 
ond TAS state, regardless of the number of wait 
states. These rules apply to both pipelined and non- 
pipelined 
cycles. 
Systems 
designers 
may 
use 


READYO# in one of three ways: 
1. leave it disconnected and use external logic to 


generate READY# signals. When choosing this 
option, 80387 requirements for wait states in read 
cycles and write cycles of FlDENV and FRSTOR 
must be obeyed. 


inter 


2. Connect it (directly or through logic that ORs 


READY 
signals 
from 
other 
devices) 
to 
the 


READY,* inputs of the 80386 and 80387. 


3. Use it as one input to a wait-state generator. 


The following sections illustrate different types of 
80387 bus cycles. 


Because 
different 
instructions 
have 
different 


amounts of overhead before, between, and after op- 
erand transfer cycles, it is not possible to represent 
in a few diagrams all of the combinations of succes- 
sive operand transfer cycles. The following bus-cy- 
cle diagrams show memory cycles between 80387 
operand-transfer cycles. Note however that, during 
the instructions FlDENV, 
FSTENV, FSAVE, and 


FRSTOR, some consecutive accesses to the NPX 
do not have intervening memory accesses. For the 
timing relationship between operand transfer cycles 
and opcode write or other overhead activities, see 
Figure 3.7. 


Figure 3.4 illustrates bus activity for consecutive 
nonpipelined bus cycles. 


3.4.1.1 Write Cycle 


At the second clock of the bus cycle, the 80387 en· 
ters the TRS (READY,*-sensitive) state. During this 
state, the 80387 samples the READY,* input and 
stays in this state as long as READY,* is inactive. 


In write cycles, the 80387 drives the READYO,* sig- 
nal for one ClK period beginning with the second 
ClK 
of the bus cycle; therefore, the fastest write 


cycle takes two ClK cycles (see cycle 2 of Figure 
3.4). For the instructions FlDENV and FRSTOR, 
however, the 80387 forces a wait state by delaying 
the activation of READYO,* to the second TRS cy- 
cle (not shown in Figure 3.4). 


When READY,* is asserted the 80387 returns to the 
idle state, in which ADS,* could be asserted again 
by the 80386 for the next cycle. 


3.4.1.2 Read Cycle 


At the second clock of the bus cycle, the 80387 en- 
ters the TRSstate. See Figure 3.4. In this state, the 
80387 samples the READY'* input and stays in this 
state as long as READY,* is inactive. 


At the rising edge of ClK in the second clock period 
of the cycle, the 80387 starts to drive the 031-00 
outputs and continues to drive them as long as it 
stays in TRSstate. 


In read cycles that address the 80387, at least one 
wait state must be inserted to insure that the 80386 
latches the correct data. Since the 80387 starts driv- 
ing the system data bus only at the rising edge of 
ClK in the second clock period of the bus cycle, not 
enough time is left for the data signals to propagate 
and be latched by the 80386 at the falling edge of 
the same clock period. The 80387 drives the READ- 
YO,* signal for one ClK period in the third ClK of 
the bus cycle. Therefore, if the READYO,* output is 
used to drive the 80386 READY,* input, one wait 
state is inserted automatically. 


Because one wait state is required for 80387 reads, 
the minimum is three ClK cycles per read, as cycle 
3 of Figure 3.4 shows. 


When READY'* is asserted the 80387 returns to the 
idle state, in which ADS,* could be asserted again 
by the 80386 for the next cycle. The transition from 
TRSstate to idle state causes the 80387 to put the 
tristate 031-00 
outputs into the floating state, al· 


lowing another device to drive the system data bus. 
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Cycles 
1 & 2 represent 
part of the operand 
transfer 
cycle for instructions 
involving 
either 4-byte 
or a-byte 
operand 
loads. 


Cycles 
3 & 4 represent 
part of the operand 
transfer 
cycle for a store operation. 


·Cycles 
1 & 2 could 
repeat 
here or TI states 
for various 
non-operand 
transfer 
cycles 
and overhead. 


Because 
all the activities 
of the 80387 bus interface 
occur either during the TAS state or during the tran- 
sitions 
to or from that state, the only difference 
be- 
tween 
a pipelined 
and a nonpipelined 
cycle 
is the 
manner 
of changing 
from one state to another. 
The 
exact activities 
in each state are detailed 
in the pre- 
vious section 
"Nonpipelined 
Bus Cycles". 
. 


When the 80386 asserts 
ADS # before the end of a 
bus cycle, both ADS# 
and READY# 
are active dur- 
ing a TAS state. This condition 
causes the 80387 to 
change 
to a different 
state 
named 
Tp. The 80387 
activities 
in the transition 
from 
a TAS state to a T p 
state are exactly the same as those in the transition 
from aT AS state to a TI state in nonpipelined 
cycles. 


T p state 
is metastable; 
therefore, 
one clock 
period 
later the 80387 returns to TAS state. In consecutive 
pipelined 
cycles, the 80387 
bus logic uses only TAS 
and Tp states. 


Figure 3.5 shows 
the fastest 
transition 
into and out 
of the 
pipelined 
bus cycles. 
Cycle 
1 in this 
figure 
represents 
a nonpipelined 
cycle. (Nonpipelined 
write 
cycles 
with only one TAS state 
(I.e. no wait states) 
are always 
followed 
by another 
nonpipelined 
cycle, 


because 
READY # 
is asserted 
before 
the 
earliest 
possible 
assertion 
of ADS# 
for the next cycle.) 


Figure 3.6 shows the pipelined 
write and read cycles 
with one additional 
TAS states 
beyond 
the minimum 
required. 
To 
delay 
the 
assertion 
of 
READY# 
re- 
quires external 
logic. 


3.4.4 BUSY # AND PEREQ TIMING 


RELATIONSHIP 


When the 80387 bus logic is in the TAS state, it dis- 
tinguishes 
between 
nonpipelined 
and pipelined 
cy- 


cles 
according 
to 
the 
behavior 
of 
ADS # 
and 


READY #. In a nonpipelined 
cycle, only READY # is 


activated, 
and the transition 
is from T AS to idle state. 
In a pipelined 
cycle, 
both READY# 
and ADS# 
are 


active and the transition 
is first from TAS state to Tp 


state then, after one clock period, back to TAS state. 


Figure 
3.7 shows 
the 
activation 
of BUSY # 
at the 


beginning 
of instruction 
execution 
and its deactiva- 


tion after 
execution 
of the 
instruction 
is complete. 


PEREQ is activated 
in this interval. 
If ERROR # (not 


shown 
in the diagram) 
is ever asserted, 
it would oc- 


cur at least six 386CLK2 
periods 
after the deactiva- 


tion of PEREQ and at least six 386CLK2 
periods 
be- 


fore the deactivation 
of BUSY#. 
Figure 
3.7 shows 


also that STEN is activated 
at the beginning 
of a bus 


cycle. 


CYCLE 1 
NON-PIPELINED 
MEMORY READ 


CYCLE 2 


PIPELINED 
NPX WRITE 


CYCLE 3 
PIPELINED 
MEMORY READ 


CYCLE. 
NON-PIPELINED 


NPX WRITE 


NPS2. 
NPS1H, 
M/IOH 


Cycle 1-Cycle 4 represent the operand transfer cycle for an instruction involving a transfer of two 32-bit loads in total. 
The opcode write cycles and other overhead are not shown. 
Note that the next cycle will be a pipelined cycle if both AEADY# and ADS# are sampled active at the end of a TRS 
state of the current cycle. 


inter 


NPS2. 


NPS',. 
lot/10' 


NOTE: 
1. Cycles 
between 
operand 
write to the NPX and storing 
result. 


NOTES: 
1. Instruction 
dependent. 


2. PEREQ 
is an asynchronous 
input to the 80386; 
it may not be asserted 
(instruction 
dependent). 
3. More operand 
transfers. 
4. Memory 
read (operand) 
cycle 
is not shown. 


Figure 3.7. STEN, BUSY /I and PEREQ Timing Relationship 
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68 LEAD CERAMIC 
PIN GRID ARRAY 
PACKAGE 
INTEL TYPE A 


SEATING 
PlANE 


SEATIN~ 
PlANE 


"B 
(All 
PINS) 
~c==ij 


A·fL 
BASE 
' 
PlANE 


SWAGGED 
PIN 
DETAIL 


, 
Family: Ceramic 
Pin Grid Array Package 


Symbol 
Millimeters 
Inches 


Mln 
Max 
Notes 
Mln 
Max 
Notes 


A 
3.56 
4.57 
0.140 
0.180 


A1 
0.76 
1.27 
Solid Lid 
0.030 
0.050 
Solid Lid 


A1 
0.41 
EPROM Lid 
0.016 
EPROM Lid 


A2 
2.72 
3.43 
Solid Lid 
0.107 
0.135 
Solid Lid 


A2 
3.43 
4.32 
EPROM Lid 
0.135 
0.170 
EPROM Lid 


A3 
1.14 
1.40 
0.045 
0.055 


B 
0.43 
0.51 
0.017 
0.020 
. 


0 
28.83 
29.59 
1.135 
1.165 


01 
25.27 
25.53 
0.995 
1.005 


91 
2.29 
2.79 
0.090 
0.110 


L 
2.29 
3.30 
0.090 
0.130 


N 
68 
68 


S1 
1.27 
2.54 
0.050 
0.100 


ISSUE 
IWSREV7 
3/26/86 


inter 


•Notice: Stresses above those listed under "Abso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Case Temperature 
TC 
Under Bias 
- 65°C to + 110°C 


Storage Temperature 
- 65°C to + 150°C 


Voltage 
on Any Pin with 
Respect 
to Ground 
-0.5 
to Vcc 
+0.5V 


Power Dissipation 
1.5W 


NOTICE Specifications contained within the 
following tables are subject to change. 


Table 5.1. DC SpecIfications 
TC = 0° to 80°C, VCC = 5V ± 5% 


Symbol 
Parameter 
Mln 
Max 
Units 
Test ConditIons 


VIL 
Input LO Voltage 
V 
(Note 1) 


VIH 
Input HI Voltage 
V 
(Note 1) 


VCl 
386CLK2 
Input LO Voltage 
V 


VCH 
386CLK2 
Input HI Voltage 
V 


VOL 
Output 
LO Voltage 
V 
(Note 2) 


VOH 
Output HI Voltage 
V 
(Note 3) 


Icc 
Supply Current 


387CLK2 
= 32 MHz(4) 
250 
mA 
Icc typo = 150 mA 
387CLK2 
= 40 MHz(4) 
310 
mA 
Ice typo = 190 mA 


III 
Input Leakage Current 
±15 
p.A 
OV ~ VIN ~ Vce 
ILa 
I/O Leakage Current 
±15 
p.A 
0.45V 
~ Vo ~ Vcc 


CIN 
Input Capacitance 
10 
pF 
fc = 1 MHz 
Co 
I/O or Output Capac 
ce 
12 
pF 
fc = 1 MHz 
CclK 
Clock Capacitance 
20 
pF 
fc = 1 MHz 


NOTES: 
1. This parameter 
is for all inputs, 
including 
387ClK2 but excluding 
386ClK2. 
2. This parameter 
is measured 
at IOl as follows: 


data = 4.0 mA 
READYO# = 2.5 mA 
ERROR#, BUSY#, PEREa = 2.5 mA 


3. This parameter 
is measured 
at IOH as follows: 
data = 
1.0 mA 
READYO# = 0.6 mA 
ERROR#, BUSY#, PEREa = 0.6 mA 


4. Ice is measured 
at steady 
state, 
maximum 
capacitive 
loading 
on the outputs, 
and worst-case 
DC level at the inputs; 


386ClK2 
at the same frequency 
as 387ClK2. 


Table 5.2a.Combinations of Bus Interface and Execution Speeds 
Speed Combinations 
80381-16 
16 
80387-20 
20 
20 


Pin 
Symbol 
Test 
Figure 
Conditions 
Reference 


387CLK2 
t1 
1.4V 
5.1 
387CLK2 
t2a 
1.4V 
387CLK2 
t2b 
2.0V 
387CLK2 
t3a 
1.4V 
387CLK2 
t3b 
0.8V 
387CLK2 
t4 
8 
8 
2.0Vto 
0.8V 
387CLK2 
t5 
8 
8 
0.8Vto 
2.0V 


386CLK2 
386CLK2 
386CLK2 
386CLK2 
386CLK2 
386CLK2 
386CLK2 


386CLK2/ 
387CLK2 


REAOYO# 
REAOYO# 
PEREa 
BUSY# 
BUSY# 
ERROR# 


031-00 
031-00 
031-00 
031-00 


PEREa 
BUSY# 
ERROR# 
REAOYO# 


AOS# 
AOS# 
W/R# 
W/R# 


Functional Block 


Bus Interface 
Unit (MHz) 
Execution 
Unit (MHz) 


Table 5.2c.Timing Requirements of the Bus Interface Unit 
Tc = O·Cto +80·C, Vcc = 5V ±5% 


16MHz 
20MHz 
1.5V 
1.5V 
Mln 
Max 
MIl) 
Max 
(ns) 
(ns) 
s) 
(ns) 


31.25 
125 
5 
1 
9 
5 
9 
7 


Period 
High Time 
High Time 
Low Time 
Low Time 
Fall TIme 
Rise Time 


Ratio 


.OV 
2.0V 
3.7V 
2.0V 
0.8V 
3.7Vto 
0.8V 
0.8Vto 
3.7V 


31 
CL = 75 pF 
27 
CL = 25 pF 
5 
34 
CL = 75 pF 
5 
29 
CL = 75 pF 
N/A 
N/A 
CL = 25pF 
5 
34 
CL = 75pF 


1 
54 
CL = 120 pF 
11 
11 
33 
6 
27 
CL = 120 pF 


60 
1 
50 
CL = 75 pF 
60 
1 
50 
CL = 75 pF 
60 
1 
50 
CL = 75 pF 
60 
1 
50 
CL = 75 pF 


21 
5 
21 
5 
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Figure 
Reference 


READY# 
READY# 
CMDO# 
CMDO# 
NPS1# 
NPS2 
NPS1# 
NPS2 
STEN 
STEN 
RESETIN 
RESETIN 


Table 5.2c. Timing Requirements of the Bus Interface Unit (Continued) 


Tc = erc to +serc, Vcc = 5V ± 5% 


16MHz 
20MHz 
1.5V 
1.5 
Mln 
Max 
Mln 
(ns) 
(ns 
(n 


21 
4 
21 


8etupTime 
Hold Time 
Setup TIme 
Hold Time 
Setup Time 


NOTE: 
This graph will not be linear outside 
of the CL range shown. 


Test 
Conditions 
Figure 
Reference 


NOTE: 
This graph will not be linear outside 
of the CL range shown. 


VIH/VCH (tolIN) 


386ClK2/387ClK2 


I..W/2.0V 


Figure 5.1. 386CLK2/387CLK2 
Waveform 
and Measurement 
Points for 


Input/Output 
A.C. Specifications 


(ClK) 
(PH2) 
\ 
••__ 
(_PH_l_) __ 
/ 
,,"" 


intJ 


(CLK)\ 
(PHI) 
/ 
(PH2) 
\ 
(PHI) 
/ 
(PH2) 
~ 


NPS1 N. NPS2. 
STEN. 
CMOON 


(CLK) 
/ 
(PH1 
or PH2) 
\ 
(PH1 
or PH2) 
~ 


NOTE: 
The second 
internal 
processor 
phase following 
RESET 
high to low transition 
is PH2. 


Table 5.3. Other 
Parameters 


Pin 
Symbol 
Parameter 
Mln 
Max 
Units 


RESETIN 
t30 
Duration 
40 
387CLK2 


RESETIN 
t31 
50 
387CLK2 


BUSY# 
t32 
Duration 
6 
386CLK2 


BUSY #. ERROR # 
t33 
6 
386CLK2 


PEREQ. ERROR # 
t34 
6 
386CLK2 


READY #. BUSY # 
t35 
4 
4 
386CLK2 


READY# 
t36 
Minim 
from Opcode 
Write to 
6 
386CLK2 


e/Operand 
Write 


READY # 
t37 
imum Time from Operand 
Write to 
8 
386CLK2 


Operand 
Write 
.. 


1ST OPCODE 
NOTE 1 
1ST OPERAND 
2ND OPERAND 


WRITE 
WRITE 
WRITE (NOTE 1) 


• In 387CLK2's 
•• or last operand 


NOTE: 
1. Memory 
read (operand) 
cycle 
is not shown. 


Instruction 
Optional 


First Byte 
Second 
Byte 
Fields 


11011 
OPA 
1 
MOD 
1 
I 
OPB 
RIM 
SIB 
I 
DISP 


11011 
MF 
OPA 
MOD 
OPB 
RIM 
SIB 
I 
DISP 


11011 
d 
P 
OPA 
1 
1 
OPB 
ST(i) 


11011 
0 
0 
1 
1 
1 
1 
I 
OP 


11011 
0 
1 
1 
1 
1 
1 I 
OP 


6.0 
80387 
EXTENSIONS 
TO THE 


80386 
INSTRUCTION 
SET 


Instructions for the 80387 assume one of the five 
forms shown in the following table. In all cases, in- 
structions are at least two bytes long and begin with 
the bit pattern 11011B, which identifies the ESCAPE 
class of instruction. Instructions that refer to memory 
operands specify addresses using the 80386 ad- 
dressing modes. 


OP = 
Instruction opcode, possible split into two 


fields OPA and OPB 


MF = Memory Format 
0Q-32-bit 
real 
01-32-bit 
integer 
1Q-64-bit real 
11-16-bit 
integer 


P=Pop 
0-00 not pop stack 
1-Pop 
stack after operation 


d = Destination 
o-Destination 
is ST(O) 
1-Destination 
is ST(i) 


R XOR d = o-Destination 
(op) Source 


R XOR d = 1-Source 
(op) Destination 


ST(i) = Register stack element i 


000 = Stack top 
001 = Second stack element 


111 = Eighth stack element 


MOD (Mode field) and RIM (Register/Memory spec- 
ifier) have the same interpretation as the corre- 
sponding fields of 80386 instructions (refer to 80386 
Programmer's 
Reference 
Manual) 


SIB (Scale Index Base) byte and DISP (displace- 
ment) are optionally present in instructions that have 
MOD and RIM fields. Their presence depends on 
the values of MOD and RIM, as for 80386 instruc- 
tions. 


The instruction summaries that follow assume that 
the instruction has been prefetched, decoded, and is 
ready for execution; that bus cycles do not require 
wait states; that there are no local bus HOLD re- 
quest delaying processor access to the bus; and 
that no exceptions are detected during instruction 
execution. If the instruction has MOD and RIM fields 
that call for both base and index registers, add one 
clock. 


I 
Encoding 
Clock Count Range 
Instruction 
Byte 
Byte 
Optional 
32·BII I 
32·BII I 
84-BII I 
111-Blt 


0 
1 
Bytes 2-8 
Real 
Integer 
Real 
Integer 
DATA TRANSFER 
FLO = Load8 
IntegerlreaJ memory to ST(O) 
ESCMFl 
MOD 000 RIM 
SIB/DISP 
20 
45-52 
25 
61-65 


Long integer memory to ST(O) 
ESClll 
MOD 101 RIM 
SIB/DISP 
56-67 


Extended real memory to ST(O) 
ESCOll 
MOD 101 RIM 
SIB/DISP 
44 


BCD memory to ST(O) 
ESClll 
MOD 100 RIM 
SIB/DISP 
266-275 


ST(i) to ST(O) 
I 
ESCOOl 
I 
ll000ST(i) 
I 
14 


FST = Store 


ST(O)to integer/real memory 
I 
ESCMFl 
I MOD010R/M 
I 
SIB/DISP 
44 
79-93 
45 
82-95 


ST(O)to ST(il 
I 
ESC10l 
I 
11010ST(i) 
I 
11 


FSTP = Store and Pop 


ST(O)to integer/real memory 
ESCMFl 
MODOll 
RIM 
SIB/DISP 
44 
79-93 
45 
82-95 


ST(O)to long integer memory 
ESClll 
MOD 111 RIM 
SIB/DISP 
80-97 


ST(O)to extended real 
ESCOll 
MODlll 
RIM 
SIB/DISP 
53 


ST(O)to BCD memory 
I 
ESClll 
I MODll0R/M 
SIB/DISP 
512-534 


ST(O)to ST(i) 
I 
ESC10l 
I 
11001 ST(ll 
I 
12 


FXCH = Exchange 


ST(i) and ST(O) 
I 
ESCOOl 
I 
11001 ST(i) 
I 
18 


COMPARISON 


FCOM = Compare 


Integer/real memory to ST(O) 
ESCMFO 
MOD010R/M 
I 
SIB/DISP 
26 
56-63 
31 
71-75 


ST(I)to ST(O) 
I 
ESCOOO 
I 
11010ST(i) 
I 
24 


FCOMP ~ Compare and pop 


Integer/real memory to ST 
I 
ESCMFO 
MODOll 
RIM I 
SIB/DISP 
26 
56-63 
31 
71-75 


ST(i)toST(O) 
I 
ESCooo 
I 
11011 ST(i) 
I 
26 


FCOMPP = Compare and pop twice 


ST(l) to ST(O) 
I 
ESCll0 
I 
11011001 
I 
26 


FTST = Test ST(O) 
I 
ESCOOl 
I 
11100100 
I 
28 
, 


FUCOM -, Unordered compare 
I 
ESC10l 
I 
11100ST(l) 
I 
;. 
24 


FUCOMP - 
Unordered compare 
and pop 
I 
ESC101 
I 
11101 ST(I) I 
26 


FUCOIIPP = Unordered compare 
-- 


and pop twtce 
I 
ESC010 
I 
11101001 
I 
, 
26 


FXAM = Examine ST(O) 
I 
ESCOOl 
I 
11100101 
I 
30-38 


CONSTANTS 


FLDZ = Load +0.0 into ST(O) 
I 
ESCOOI 
I 
11101110 
I 
20 


FLOl = Load + 1.0 into ST(Ol 
I 
ESCOOl 
I 
11101000 
I 
24 


FLOPI = Load pi into ST(O) 
I 
ESCOOl 
I 
11101011 
I 
40 


FLDL2T = Load 1092(10)into ST(O) 
I 
ESCOOl 
I 
11101001 
I 
40 


NOTE: 
a. When 
loading 
single- 
or double-precision 
zero from 
memory, 
add 5 clocks. 


CONSTANTS (Continued) 


FLDL2E = Load I092(e)into ST(O) 


FLDLG2 = Load 10910(2)into ST(O) 


FLDLN2 = Load 109.(2)into ST(O) 


ARITHMETIC 


FADD = Add 


Integer/real memory with ST(O) 


STO)and ST(O) 


FSUB ~ Subtract 


Integer/real memory with ST(O) 


ST(i) and ST(O) 


FMUL ~ Multiply 


FDIV ~ Divide 


Integer/real memory with ST(O) 


ST(i) and ST(O) 


FSQRTl ~ Square root 


FSCALE ~ Scale ST(O)by ST(1) 


FPREU1 = Partial remainder 


(IEEE) 


FRNDINT ~ Round ST(O) 
to integer 


FXTRACT = Extract components 
ofST(O) 


FABS = Absolute value of ST(O) 


FCHS ~ Change sign of ST(O) 


ESC001 


ESC001 


ESC001 


11101010 


11101100 


ESCd PO 
1111 RR/M 


ESC001 
11111010 


ESC001 
11111101 


ESC001 
11111000 


ESCOO1 
11110101 


Ese 001 
11111100 


ESC001 
11110100 


ESC001 
11100001 


ESC001 
1110סס oo 


NOTES: 
b. Add 3 clocks 
to the range when 
d = 1. 


c. Add 1 clock 
to each 
range when 
R = 1. 
d. Add 3 clocks 
to the range when 
d = o. 
e. typical = 52 (When 
d = 0, 46-54, 
typical 
= 49). 
f. Add 1 clock 
to the range when 
R = 1. 


g. 135-141 
when 
R = 1. 
h. Add 3 clocks 
to the range 
when 
d = 1. 
i. -0 
,;; ST(O) ,;; + 00. 


SIB/DISP 
24-32 
57-72 
29-37 
71-85 


23-31b 


SIB/DISP 
24-32 
57-82 
28-36 
71-83c 


26-34d 


SIB/DISP 
27-35 
61-82 
32-57 
76-87 


29-57· 


SIB/DISP 
89 
120-1271 
94 
136-1400 


eeh 


122-129 


67-86 


74-155 


95-185 


66-80 


70-76 


22 


24-25 


inter 


Encoding 


Instruction 
Byte 
Byte 
Optional 
Clock Count Range 


0 
1 
Bytes 2-6 


TRANSCENDENTAL 


fCOSIl = Cosine of ST(O) 
I 
ESCOO1 
.,111111 
123-nl!J 


FPTANk = Partial tangent of ST(O) 
I 
ESCOOl 
11110010 
191-497i 


FPATAN = Partial arctangent 
I 
ESCOOl 
11110011 
314-487 


FSINk = Sine of ST(O) 
I 
ESCOO1 
11111110 
122-n11 


FSlNCOSk = Sine and ~ine 
of ST(O) 
I 
ESCOO1 
11111011 
194-609l 


F2XMli = 2STIO)- 
1 
I 
ESCOOl 
11110000 
211-476 


FYL2xm = ST(l) °1092(ST(0)) 
I 
ESCOOl 
11110001 
120-538 


FYL2XP1" = ST(l) 
0 1092(ST(0)+ 1.0) 
I 
ESCOOl 
11111001 
257-547 


PROCESSORCONTROL 


FINIT = Initialize NPX 
I 
ESCOll 
I 
11100011 
I 
33 


FSTSW AX = Store status word 
I 
ESC111 
I 
11100000 
I 
13 


FLDCW = Load control word 
I 
ESCOOl 
MOD 101 RIM 
I 
SIB/DISP 
19 


FSTCW = Store control word 
ESC10l 
MOD 111 RIM 
I 
SIB/DISP 
15 


FSTSW = Store status word 
ESC10l 
MODlll 
RIM 
SIB/DISP 
15 


FCLEX = Clear exceptions 
I 
ESCOll 
I 
11100010 
I 
11 


FSTENV = Store environment 
ESCOOl 
MODll0R/M 
SIB/DISP 
103-104 


FLDENV = Load environment 
ESCOOl 
MOD100R/M 
SIB/DISP 
71 


FSAVE = Save state 
ESC101 
MOD110R/M 
SIB/DISP 
375-376 


FRSTOR = Restore state 
I 
ESC101 
MOD 100 RIM 
SIB/DISP 
308 


FINCSTP = Increment stack pointer 
I 
ESC001 
I 
11110111 
I 
21 


FDECSTP = Decremen1stack pointer 
I 
ESC001 
I 
11110110 
I 
22 


FFREE = Free ST(I) 
I 
ESC101 
I 
11000 ST(i) I 
18 


FNOP = No operations 
I 
ESC001 
I 
11010000 
I 
12 


NOTES: 
j. These 
timings 
hold for operands 
in the range Ixl < 1T/4. For operands 
not in this range, 
up to 76 additional 
clocks 
may be 
needed 
to reduce 
the operand. 


k. 0 :;; IST(O) I < 263. 
I. -1.0 
:;; ST(O) :;; 1.0. 


m.O 
:;; ST(O) < 00, 
- 
00 < ST(l) 
< + 00. 
n.O 
:;; IST(O)I < (2 - 
SQRT(2))/2, 
- 
00 < ST(l) 
< + 00. 


APPENDIX A 
COMPATIBiliTY 
BETWEEN 
THE 80287 AND THE 8087 


The 80286/80287 operating in Real-Address mode 
will execute 808618087 programs without major 
modification. However, because of differences in the 
handling of numeric exceptions by the 80287 NPX 
and the 8087 NPX, exception-handling routines may 
need to be changed. 


This appendix summarizes the differences between 
the 80287 NPX and the 8087 NPX, and provides 
details showing how 8086/8087 programs can be 
ported to the 80286/80287. 
1. The NPX signals exceptions through a dedicated 


ERROR line to the 80286. The NPX error signal 
does not pass through an interrupt controller (the 
8087 INT signal does). Therefore, any interrupt- 
controller-oriented instructions in numeric excep- 
tion handlers for the 8086/8087 should be delet- 
ed. 
2. The 8087 instructions FENI/FNENI and FDISII 


FNDISI perform no useful function in the 80287. If 
the 80287 encounters one of these opcodes in its 
instruction stream, the instruction will effectively 
be ignored-none 
of the 80287 internal states will 


be updated. While 8086/8087 
containing these 


instructions 
may 
be 
executed 
on 
the 


80286/80287, 
it is unlikely that the exception- 


handling routines containing these instructions 
will be completely portable to the 80287. 
3. Interrupt vector 16 must point to the numeric ex- 


ception handling routine. 
4. The ESC instruction address saved in the 80287 


includes any leading prefixes before the ESC op- 
code. The corresponding address saved in the 
8087 does not include leading prefixes. 
5. In Protected-Address mode, the format of the 


80287's saved instruction and address pointers is 
different than for the 8087. The instruction op- 
code is not saved in Protected mode--exception 
handlers will have to retrieve the opcode from 
memory if needed. 
6. Interrupt 7 will occur in the 80286 when executing 


ESC instructions with either TS (task switched) or 
EM (emulation) of the 80286 MSW set (TS = 1 or 
EM = 1). If TS is set, then a WAIT instruction will 


also cause interrupt 7. An exception handler 
should be included in 80286/80287 code to han- 
dle these situations. 


7. Interrupt 9 will occur if the second or subsequent 


words of a floating-point operand fall outside a 
segment's size. Interrupt 13 will occur if the start- 
ing address of a numeric operand falls outside a 
segment's size. An exception handler should be 
included in 80286/80287 
code to report these 


programming errors. 


8. Except for the processor control instructions, all 


of the 80287 numeric instructions are automati- 
cally synchronized by the 80286 CPU-the 
80286 


automatically tests the BUSY line from the 80287 
to ensure that the 80287 has completed its previ- 
ous instruction before executing the next ESC in- 
struction. No explicit WAIT instructions are re- 
quired to assure this synchronization. For the 
8087 used with 8086 and 8088 processors, ex- 
plicit WAITs are required before each numeric in- 
struction 
to 
ensure synchronization. Although 


8086/8087 
programs having explicit WAIT in- 


structions 
will 
execute 
perfectly 
on 
the 


80286/80287 without reassembly, these WAIT in- 
structions are unnecessary. 


9. Since the 80287 does not require WAIT instruc- 
tions 
before 
each 
numeric 
instruction, 
the 


ASM286 assembler does not automatically gener- 
ate these WAIT instructions. The ASM86 assem- 
bler, however, automatically precedes every ESC 
instruction with a WAIT instruction. Although nu- 
meric routines generated using the ASM86 as- 
sembler will generally execute correctly on the 
80286/80287, reassembly using ASM286 may re- 
sult in a more compact code image. 
The processor control instructions for the 80287 
may be coded using either a WAIT or No-WAIT 
form of mnemonic. The WAIT forms of these in- 
structions cause ASM286 to precede the ESC in- 
struction with a CPU WAIT instruction, in the iden- 
tical manner as does ASM86. 


inter 


The following list represents the key differences be- 
tween this and the -002 versions of the 80387 Data 
Sheet. Please review this summary carefully. 


1. On the front page, the high side of the relative 


performance increase of the 80387 over the 
8087/80287 was changed from six times to sev- 
en times to reflect the higher performance from 
a 20 MHz 80387. 


2. Figure 2.3 was updated with the addition of a 


new opcode field to the 32-bit protected mode 
format. The opcode field facilitates easier error 
recovery for 
numeric operation in protected 


mode. 
3. Section 2.7.2 entitled, "EXCEPTION" was up- 


dated with a few differences from the 80287 due 
to changes in the IEEE standard and to the func- 
tional improvements to the architecture of the 
80387. 


4. Table 3.2 was updated with correct pin numbers: 


K4 and L4 for W/R II and STEN respectively. K4 
and L4 had been incorrectly typewritten as K5 
and L5 before. 


5. In Section 3.1.4, the RESETIN high time was 


corrected 
from 
78 387CLK2 
periods to 
40 


387CLK2 periods. 
6. The title of Table 3.3 was corrected to read, 
"Output Pin Status During Reset." 


7. In Figure 3.2, the 82384 clock generator was re- 


placed with a generic clock generator. 


8. The maximum case temperature was changed 


from 85·C to 80·C for all DC and AC characteris- 
tics specification. At a case temperature of 80·C, 
the 
equivalent 
ambient temperature 
for 
the 


80387 matches that for the 80386 at 85·C. It is 
due to lower power dissipation in the 80387. 


9.80387-20 and 80387-16 A.C. specifications were 


revised. All timing parameters are now guaran- 
teed at 1.5V test levels. The timing parameters 
were adjusted to remain compatible with previ- 
ous 0.8/2.0V specifications. The changes were 
reflected in Tables 5.2a, 5.2b and 5.2c. 


10. Figures 5.0a and 5.0b: typical output valid delay 


and rise/fall times vs load capacitance, were 
added to complement the 1.5V specification. 


11. Figures 5.1 through 5.5 were changed to show 


the new 1.5V test level for timing specification. 


inter 
82380 
HIGH PERFORMANCE 32·BIT DMA CONTROLLER WITH 


INTEGRATED SYSTEM SUPPORT PERIPHERALS 


• 
High Performance 
32-Blt DMA 
Controller 
- 
40 MBytes/sec 
Maximum 
Data 
Transfer 
Rate at 20 MHz 
- 
8 Independently 
Programmable 
Channels 


• 
20-Source 
Interrupt 
Controller 
-Individually 
Programmable 
Interrupt 
Vectors 
-15 
External, 
5 Internal Interrupts 
- 
82C59A 
Superset 


• 
Four 16-Blt Programmable 
Interval 
Timers 
- 
82C54 Compatible 


• 
Programmable 
Walt State Generator 


-0 
to 15 Walt States 


• 
DRAM Refresh 
Controller 


• 
80386 Shutdown 
Detect 
and Reset 


Control 
- 
Software/Hardware 
Reset 


• 
IBM PC Compatible- 


• 
High Speed CHMOS 
III Technology 


• 
132-Pin PGA Package 


• 
Optimized 
for use with the 80386 


Microprocessor 
- 
Resides 
on Local Bus for Maximum 


Bus Bandwidth 


The 82380 is a multi-function support peripheral that integrates system functions necessary in an 80386 
environment. It has eight channels of high performance 32-bit DMA with the most efficient transfer rates 
possible on the 80386 bus. System support peripherals integrated into the 82380 provide Interrupt Control, 
Timers, Wait State generation, DRAM Refresh Control, and System Reset logic. 


The 82380's DMA Controller can transfer data between devices of different data path widths using a single 
channel. Each DMA channel operates independently in any of several modes. Each channel has a temporary 
data storage register for handling non-aligned data without the need for external alignment logic. 


-IBM 
and PC-DOS 
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trademarks 
of International 
Business 
Machines. 
Inc. 
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The 82380 contains several independent functional 
modules. The following is a brief discussion of the 
components and features of the 82380. Each mod- 
ule has a corresponding detailed section later in this 
data sheet. Those sections should be.referred to for 
design and programming information. 


The 82380 is comprised of several computer system 
functions that are normally found in separate LSI 
and VLSI components. These include: a high-per- 
formance, eight-channel, 32-bit Direct Memory Ac- 
cess Controller; a 20-level Programmable Interrupt 
Controller which is a superset of the 82C59A; four 
16-bit Programmable Interval Timers which are func- 
tionally equivalent to the 82C54 timers; a DRAM Re- 
fresh Controller; a Programmable Wait State Gener- 
ator; and system reset logic. The interface to the 
82380 is optimized for high-performance operation 
with the 80386 microprocessor. 


The 82380 operates directly on the 80386 bus. In 
the Slave mode, it monitors the state of the proces- 


sor at all times and acts or idles according to the 
commands of the host. It monitors the address pipe- 
line status and generates the programmed number 
of wait states for the device being accessed. The 
82380 also has logic to reset the 80386 via hard- 
ware or software reset requests and processor shut- 
down status. 


After a system reset, the 82380 is in the Slave 
mode. It appears to the system as an I/O device. It 
becomes a bus master when it is performing DMA 
transfers. 


To maintain compatibility with existing software, the 
registers within the 82380 are accessed as bytes. If 
the internal logic of the 82380 requires a delay be- 
fore another access by the processor, wait states 
are automatically inserted into the access cycle. 
This allows the programmer to write initialization rou- 
tines, etc. without regard to hardware recovery 
times. 


Figure 1-1 shows the basic architectural compo- 
nents of the 82380. The following sections briefly 
discuss the architecture and function of each of the 
distinct sections of the 82380. 
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The 82380 contains a high-performance, 8-channel, 
32-bit OMA controller. It is capable of transferring 
any combination of bytes, words, and double words. 
The addresses of both source and distination can be 
independently incremented, decremented or held 
constant, and cover the entire 32-bit physical ad- 
dress space of the 80386. It can disassemble and 
assemble misaligned data via a 32-bit internal tem- 
porary data storage register. Data transferred be- 
tween devices of different data path widths can also 
be assembled and disassembled using the internal 
temporary data storage register. The DMA Controller 
can also transfer aligned data between 1/0 and 
memory on the fly, allowing data transfer rates up to 
32 megabytes per second for an 82380 operating at 
16 MHz. Figure 1-2 illustrates the functional compo- 
nents of the DMA Controller. 


There are twenty-four general status and command 
registers in the 82380 DMA Controller. Through 
these registers any of the channels may be pro- 
grammed into any of the possible modes. The oper- 
ating modes of anyone channel are independent of 
the operation of the other channels. 


Each channel has three programmable registers 
which determine the location and amount of data to 
be transferred: 


Byte Count Register-Number 
of bytes to trans- 


fer. (24-bits) 


Requester Register-Address 
of memory or pe- 


ripheral which is requesting DMA service. (32- 
bits) 


Target Register-Address 
of peripheral or mem- 


ory which will be accessed. (32-bits) 


There are also port addresses which, when ac- 
cessed, cause the 82380 to perform specific func- 
tions. The actual data written does not matter, the 
act of writing to the specific address causes the 
command to be executed. The commands which op- 
erate in this mode are: Master Clear, Clear Terminal 
Count Interrupt Request, Clear Mask Register, and 
Clear Byte Pointer Flip-Flop. 


DMA transfers can be done between all combina- 
tions of memory and 1/0; memory-to-memory, mem- 
ory-to-I/O, 
I/O-to-memory, 
and 
I/O-to-I/O. 
DMA 


service can be requested through software andlor 
hardware. Hardware DMA acknowledge signals are 
available for all channels (except channel 4) through 
an 
encoded 
3-bit 
DMA 
acknowledge 
bus 


(EDACKO-2). 
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Figure 1-2. 82380 DMA Controller 
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The 82380 DMA controller transfers blocks of data 
(buffers) in three modes: Single Buffer, Buffer Auto- 
Initialize, and Buffer Chaining. In the Single Buffer 
Process the 82380 DMA Controller is programmed 
to transfer one particular block of data. Successive 
transfers then require reprogramming of the DMA 
channel. Single Buffer transfers are useful in sys- 
tems where it is known at the time the transfer be- 
gins what quantity of data is to be transferr~d, and 
there is a contiguous block of data area available. 


The Buffer Auto-Initialize Process allows the same 
data area to be used for successive DMA transfers 
without having to reprogram the channel. 


The Buffer Chaining Process allows a program to 
specify a list of buffer transfers to be executed. The 
82380 DMA Controller, through interrupt routines, is 
reprogrammed from the list. The channel is repro- 
grammed for a new buffer before the current buffer 
transfer is complete. This pipelining of the channel 
programming process allows the system to allocate 
non-contiguous blocks of data storage space, and 
transfer all of the data with one DMA process. The 
buffers that make up the chain do not have to be in 
contiguous locations. 


Channel priority can be fixed or rotating. Fixed priori- 
ty allows the programmer to define the priority of 
DMA channels based on hardware or other fixed pa- 
rameters. Rotating priority is used to provide periph- 
erals access to the bus on a shared basis. 


With fixed priority, the programmer can set any 
channel to have the current lowest priority. This al- 


lows the user to reset or manually rotate the priority 
schedule without reprogramming the command reg- 
isters. 


1.1.2 PROGRAMMABLE 
INTERVAL 
TIMERS 


Four 16-bit programmable interval timers reside 
within the 82380. These timers are identical in func- 
tion to the timers in the 82C54 Programmable Inter- 
val Timer. All four of the timers share a common 
clock input which can be independent of the system 
clock. The timers are capable of operating in six dif- 
ferent modes. In all of the modes, the current count 
can be latched and read by the 80386 at any time, 
making these very versatile event timers. Figure 1-3 
shows the functional components of the Program- 
mable Interval Timers. 
. 


The outputs of the timers are directed to key system 
functions, making system design simpler. Timer 0 is 
routed directly to an interrupt input and is not avail- 
able externally. This timer would typically be used to 
generate time-keeping interrupts. 


Timers 1 and 2 have outputs which are available for 
general timer/counter purposes as well as special 
functions. Timer 1 is routed to the refresh control 
logic to provide refresh timing. Timer 2 is connected 
to an interrupt request input to provide other timer 
functions. Timer 3 is a general purpose timer/coun- 
ter whose output is available to external hardware. It 
is also connected internally to the interrupt request 
which defaults to the highest priority (IROO). 


TIMER 0 


TIMER 1 


The 82380 has the equivalent of three enhanced 
82C59A Programmable Interrupt Controllers. These 
controllers can all be operated in the Master mode, 
but the priority is always as if they were cascaded. 
There are 15 interrupt request inputs provided for 
the user, all of which can be inputs from external 
slave interrupt controllers. Cascading 82C59As to 
these request inputs allows a possible total of 120 
external interrupt requests. Figure 1-4 is a block dia- 
gram of the 82380 Interrupt Controller. 


Each of the interrupt request inputs can be individu- 
ally programmed with its own interrupt vector, allow- 
ing more flexibility in interrupt vector mapping than 
was available with the 82C59A. An interrupt is pro- 
vided to alert the system that an attempt is being 


IROO 
IRQ! 
IRQ2 
IRQ3 
IRQ. 


IROS 
IR06 
IRQ7 


made to program the vectors in the method of the 
82C59A. This provides compatibility of existing soft- 
ware that used the 82C59A or 8259A with new de- 
signs using the 82380. 


In the event of an unrequested or otherwise errone- 
ous interrupt acknowledge cycle, the 82380 Interrupt 
Controller issues a default vector. This vector, pro- 
grammed by the system software, will alert the sys- 
tem of unsolicited interrupts of the 80386. 


The functions of the 82380 Interrupt Controller are 
identical to the 82C59A, except in regards to pro- 
gramming the interrupt vectors as mentioned above. 
Interrupt request inputs are programmable as either 
edge or level triggered and are software maskable. 
Priority can be either fixed or rotating and interrupt 
requests can be nested. 


IN- 
SERVICE 
REG. 


Enhancements are added to the 82380 for cascad- 
ing external interrupt controllers. Master to Slave 
handshaking takes place on the data'bus, instead of 
dedicated cascade lines. 


The 
Wait 
State 
Generator 
is 
a 
programmable 


READY generation circuit for the 80386 bus. A pe- 
ripheral requiring wait states can request the Wait 
State Generator to hold the processor's READY in- 
put inactive for a predetermined number of bus 
states. Six different wait state counts can be pro- 
grammed into the Wait State Generator by software; 
three for memory accesses and three for I/O ac- 
cesses. A block diagram of the 82380 Wait State 
Generator is shown in Figure 1-5. 


The peripheral being accessed selects the required 
wait state count by placing a code on a 2-bit wait 
state select bus. This code along with the M/IO# 
signal from the bus master is used to select one of 
six internal 4-bit wait state registers which has been 
programmed with the desired number of wait states. 
From zero to fifteen wait states can be programmed 
into the wait state registers. The Wait State Genera- 
tor tracks the state of the processor or current bus 
master at all times, regardless of which device is the 
current bus master and regardless of whether or not 
the Wait State Generator is currently active. 


The 82380 Wait State Generator is disabled by mak- 
ing the select inputs both high. This allows hardware 
which is intelligent enough to generate its own ready 
signal to be accessed without penalty. As previously 


WSCO 


WSCI 


M/IOH 


mentioned, deselecting the Wait State Generator 
does not disable its ability to determine the proper 
number of wait states due to pipeline status in sub- 
sequent bus cycles. 


The number of wait states inserted into a pipelined 
bus cycle is the value in the selected wait state reg- 
ister. If the bus master is operating in the non-pipe- 
lined mode, the Wait State Generator will increase 
the number of wait states inserted into the bus cycle 
byone. 


On reset, the Wait State Generator's registers are 
loaded with the value FFH, giving the maximum 
number of wait states for any access in which the 
wait state select inputs are active. 


The 82380 DRAM Refresh Controller consists of a 
24-bit refresh address counter and bus arbitration 
logic. The output of Timer 1 is used to periodically 
request a refresh cycle. When the controller re- 
ceives the request, it requests access to the system 
bus through the HOLD signal. When bus control is 
acknowledged by the processor or current bus mas- 
ter, the refresh controller executes a memory read 
operation at the address currently in the Refresh Ad- 
dress Register. At the same time, it activates a re- 
fresh signal (REF#) that the memory uses to force a 
refresh instead of a normal read. Control of the bus 
is transferred to the processor at the completion of 
this cycle. Typically a refresh cycle will take six clock 
cycles to execute on an 80386 bus. 
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The 82380 DRAM Refresh Controller has the high- 
est priority when requesting bus access and will in- 
terrupt any active DMA process. This allows large 
blocks of data to be moved by the DMA controller 
without affecting the refresh function. Also the DMA 
controller is not required to completely relinquish the 
bus, the refresh controller simply steals a bus cycle 
between DMA accesses. 


The amount by which the refresh address is incre- 
mented is programmable to allow for different bus 
widths and memory bank arrangements. 


The 82380 contains a special reset function which 
can respond to hardware reset signals from the 
82384, as well as a software reset command. The 
circuit will hold the 80386's RESET line active while 
an external hardware reset signal is present at its 
RESET input. It can also reset the 80386 processor 
as the result of a software command. The software 
reset command causes the 82380 to hold the proc- 
essor's RESET line active for a minimum of 62 CLK2 
cycles; enough time to allow an 80386 to re-initialize. 


The 82380 can be programmed to sense the shut- 
down detect code on the status lines from the 
80386. If the Shutdown Detect function is enabled, 
the 82380 will automatically reset the processor. A 
diagnostic register is available which can be used to 
determine the cause of reset. 


After a hardware reset, the internal registers of the 
82380 are located in I/O space beginning at port 
address OOOOH.The map of the 82380's registers is 
relocatable via a software command. The default 
mapping places the 82380 between I/O addresses 
OOOOHand OODBH.The relocation register allows 
this map to be moved to any even 256-byte bounda- 
ry in the processor's 16-bit I/O address space or any 
even 16-Mbyte boundary in the 32-bit memory ad- 
dress space. 


The 82380 is designed to operate efficiently on the 
local bus of an 80386 microprocessor. The control 


signals of the 82380 are identical in function to 
those of the 80386. As a slave, the 82380 operates 
with all of the features available on the 80386 bus. 
When the 82380 is in the Master mode, it looks iden- 
tical to the 80386 to the connected devices. 


The 82380 monitors the bus at all times, and deter- 
mines whether the current bus cycle is a pipelined or 
non-pipelined access. All of the status signals of the 
processor are monitored. 


The control, status, and data registers within the 
82380 are located at fixed addresses relative to 
each other, but the group can be relocated to either 
memory or I/O space and to different locations with- 
in those spaces. 


As a Slave device, the 82380 monitors the control/ 
status lines of the CPU. The 82380 will generate all 
of the wait states it needs whenever it is accessed. 
This allows the programmer the freedom of access- 
ing 82380 registers without having to insert NOPs in 
the program to wait for slower 82380 internal regis- 
ters. 


The 82380 can determine if a current bus cycle is a 
pipelined or a non-pipelined cycle. It does this by 
monitoring the ADS# 
and READY# 
signals and 


thereby keeping track of the current state of the 
80386. 


As a bus master, the 82380 looks like an 80386 to 
the rest of the system. This enables the designer 
greater flexibility 
in systems which 
include the 


82380. The designer does not have to alter the inter- 
faces of any peripherals designed to operate with 
the 80386 to accommodate the 82380. The 82380 
will access any peripherals on the bus in the same 
manner as the 80386, including recognizing pipe- 
lined bus cycles. 


The 82380 is accessed as an 8·bit peripheral. This is 
done to maintain compatibility with existing system 
architectures and software. The 80386 places the 
data of all 8-bit accesses either on D (0-7) or D (8- 
15). The 82380 will only accept data on these lines 
when in the Slave mode. When in the Master mode, 
the 82380 is a full 32-bit machine, sending and re- 
ceiving data in the same manner as the 80386. 


1.3 IBM PC· System Compatibility 


The 82380 is an 80386 companion device designed 
to provide an enhancement of the system functions 
common to most small computer systems. It is mod- 
eled after and is a superset of the Intel peripheral 
products found in the IBM PC, PC·AT, and other 
popular small computers. 


The hardware is compatible with the equivalent 
functions provided by the IBM PC-AT. All of the en- 
hancements of the 82380 are available as software 
programmable features. 


The 82380 contains a set of interface signals to op· 
erate efficiently with the 80386 host processor. 
These signals were designed so that minimal hard- 
ware is needed to connect the 82380 to the 80386. 


'IBM 
PC and IBM PC-AT are registered 
trademarks 
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national 
Business 
Machines 
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Figure 2-1 depicts a typical system configuration 
with the 80386 processor. As shown in the diagram, 
the 82380 is designed to interface directly with the 
80386 bus. 


Since the 82380 is residing on the opposite side of 
the data bus transceiver (with respect to the rest of 
the peripherals in the system), it is important to note 
that the transceiver should be controlled so that 
contention between the data bus transceiver and 
the 82380 will not occur. In order to do this, port 
address decoding logic should be included in the di- 
rection and enable control logic of the transceiver. 
When any of the 82380 internal registers is read, the 
data bus transceiver should be disabled so that only 
the 82380 will drive the local bus. 


This section describes the basic bus functions of the 
82380 to show how this device interacts with the 
80386 processor. Other signals which are not direct- 
ly related to the host interface will be discussed in 
their associated functional block description. 
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At any time, the 82380 acts as either a Slave device 
or a Master device in the system. Upon reset, the 
82380 will be in the Slave Mode. In this mode, the 
80386 processor can read/write into the 82380 in- 
ternal registers. Initialization information may be pro- 
grammed into the 82380 during Slave Mode. 


When DMA service (including DRAM Refresh Cycles 
generated by the 82380) is requested, the 82380 will 
request and subsequently get control of the 80386 
local bus. This is done through the HOLD and HLDA 
(Hold Acknowledge) signals. When the 80386 proc- 
essor responds by asserting the HLDA signal, the 
82380 will switch into Master Mode and perform 
DMA transfers. In this mode, the 82380 is the bus 
master of the system. It can read/write data from/to 
memory and peripheral devices. The 82380 will re- 
turn to the Slave Mode upon completion of DMA 
transfers, or when HLDA is negated. 


As mentioned in the Architecture section, the Bus 
Interface module of the 82380 (see Figure 1-1) con- 
tains signals that are directly connected to the 
80386 host processor. This module has separate 
32-bit Data and Address busses. Also, it has addi- 
tional control signals to support different bus opera- 
tions on the system. By residing on the 80386 local 
bus, the 82380 shares the same address, data and 
control lines with the processor. The following sub- 
sections discuss the signals which interface to the 
80386 host processor. 


2.2.1 CLOCK 
(CLK2) 


The CLK2 input provides fundamental timing for the 
82380. It is divided by two internally to generate the 
82380 internal clock. Therefore, CLK2 should be 
driven with twice the 80386's frequency. In order to 
maintain synchronization with the 80386 host proc- 
essor, the 82380 and the 80386 should share a 
common clock source. 


The internal clock consists of two phases: PHI1 and 
PHI2. Each CLK2 period is a phase of the internal 
clock. PHI2 is usually used to sample input and set 
up internal signals and PHI1 is for latching internal 
data. Figure 2-2 illustrates the relationship of CLK2 
and the 82380 internal clock signals. The CPURST 
signal generated by the 82380 guarantees that the 
80386 will wake up in phase with PHI1. 


2.2.2 DATA BUS (00-031) 


This 32-bit three-state bidirectional bus provides a 
general purpose data path between the 82380 and 
the system. These pins are tied directly to the corre- 
sponding Data Bus pins of the 80386 local bus. The 
Data Bus is also used for interrupt vectors generated 
by the 82380 in the Interrupt Acknowledge cycle. 


During Slave I/O operations, the 82380 expects a 
single byte to be written or read. When the 80386 
host processor writes into the 82380, either DO-D7 
or D8-D15 will be latched into the 82380, depend- 
ing upon how the Byte Enable (BEO#-BE#3) 
sig- 
nals are driven. The 82380 does not need to look at 
D16-D31 since the 80386 duplicates the single byte 
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data on both halves of the bus. When the 80386 
host processor reads from the 82380, the single 
byte data will be duplicated four times on the Data 
Bus; Le., on DO-D7, D8-D15, D16-D23 and D24- 
D31. 


During Master Mode, the 82380 can transfer 32-, 16-, 
and 8-bit data between memory (or 110 devices) and 
110 devices (or memory) via the Data Bus. 


These three-state bidirectional signals are connect- 
ed directly to the 80386 Address Bus. In the Slave 
Mode, they are used as input signals so that the 
processor can address the 82380 internal portslreg- 
isters. In the Master Mode, they are used as output 
signals by the 82380 to address memory and periph- 
eral devices. The Address Bus is capable of ad- 
dressing 4 G-bytes of 
physical memory space 


(OOOOOOOOH 
to FFFFFFFFH), and 64 K-bytes of 110 


addresses (OOOOOOOOH 
to OOOOFFFFH). 


2.2.4 BYTE ENABLE (BE3#-BEO#) 


These bidirectional pins select specific byte(s) in the 
double word addressed by A31-A2. 
Similar to the 


Address Bus function, these signals are used as in- 
puts to address internal 82380 registers during 
Slave Mode operation. During Master Mode opera- 
tion, they are used as outputs by the 82380 to ad- 
dress memory and 110 locations. 


In addition to the above function, BE3# is used to 
enable a production test mode and must be LOW 
during reset. The 80386 processor will automatically 
hold BE3# LOW during RESET. 


The definitions of the Byte Enable signals depend 
upon whether the 82380 is in the Master or Slave 
Mode. These definitions are depicted in Table 2-1. 


BEU-BEU 
Implied A1, AO 
Data Bits Written 
to 82380' 


XXXO 
00 
DO-D7 


XX01 
01 
D8-D15 


X011 
10 
DO-D7 


X111 
11 
D8-D15 


X-DON'T CARE 
'During READ. data will be duplicated on 00-D7, D8-D15, D16-D23, and D24-D31. 
During WRITE, the 80386 host processor duplicates data on 00-D15, 
and D16-D31, so that the 82380 
is concerned only with the lower half of the Data Bus. 


Byte to be Accessed 
Logical Byte Presented On 


BE3#-BEO# 
Relative to A31-A2 
Data Bus During WRITE Only' 


024-31 
016-23 
08-15 
00-7 


1110 
0 
U 
U 
U 
A 
1101 
1 
U 
U 
A 
A 
1011 
2 
U 
A 
U 
A 
0111 
3 
A 
U 
A 
A 
1001 
1,2 
U 
B 
A 
A 
1100 
0, 1 
U 
U 
B 
A 
0011 
2,3 
B 
A 
B 
A 
1000 
0,1,2 
U 
C 
B 
A 
0001 
1,2,3 
C 
B 
A 
A 
0000 
0,1,2,3 
D 
C 
B 
A 


U = Undefined 
A = Logical 00-D7 
B = Logical D8-D15 
C = Logical D16-D23 
D = Logical D24-D31 
'Actual number of byles accessed depends upon the programmed data path width. 


2.2.5 BUS CYCLE DEFINITION SIGNALS (D/C#, 
W/R#, 
MIIO#) 


These three-state bidirectional signals define the 
type of bus cycle being performed. W/R# 
dist~n- 
guishes between write and read cycles. D/G# 
dIS- 


tinguishes between processor data and control cy- 
cles. M/IO# distinguishes between memory and 1/0 
cycles. 


During Slave Mode, these signals are driven by the 
80386 host processor; during Master Mode, they are 
driven by the 82380. In either mode, these signals 
will be valid when the Address Status (ADS#) is 
driven LOW. Exact bus cycle definitions are given in 
Table 2-2. Note that some combinations are recog- 
nized as inputs, but not generated as outputs. In the 
Master Mode, D/G# 
is always HIGH. 


2.2.6 ADDRESS STATUS (ADS#) 


This bidirectional signal indicates that a valid ad- 
dress (A2-A31, BEO#-BE3#) 
and bus cycle defini- 


tion (W/R#, 
D/G#, 
M/IO#) 
is being driven on the 
bus. In the Master Mode, it is driven by the 82380 as 
an output. In the Slave Mode, this signal is moni- 
tored as an input by the 82380. By the current and 
past status of ADS# and the. READY# input: the 
82380 is able to determine, dunng Slave Mode, If the 
next bus cycle is a pipelined address cycle. ADS# is 
asserted during T1 and T2P bus states (see Bus 
State Definition). 


Note that during the idle states at the beginning and 
the end of a DMA process, neither the 80386 nor the 
82380 is driving the ADS# signal; i.e., the signal is 
left floated. Therefore, it is important to use a pull-up 
resistor (approximately 10 KO) on the ADS# signal. 


nal indicates the end of a DMA bus cycle. In the- 
Slave Mode 
the 82380 monitors this input and 


ADS# to det~ct a pipelined address cycles. This sig- 
nal should be tied directly to the READY# input of 
the 80386 host processor. 


2.2.8 NEXT ADDRESS REQUEST (NA #) 


This input is used to indicate to the 82380 in the 
Master Mode that the system is requesting address 
pipelining. When driven LOW by either ~~m?ry or 
peripheral devices during Master Mode, It Indicates 
that the system is prepared to accept a new address 
and bus cycle definition signals from the 82380 be- 
fore the end of the current bus cycle. If this input is 
active when sampled by the 82380, the next address 
is driven onto the bus, provided a bus request is 
already pending internally. 


This input pin is monitored only in the Master Mode. 
In the Slave Mode, the 82380 uses the ADS# and 
READY# signals to determine address pipelining 
cycles, and NA# will be ignored. 


2.2.9 RESET (RESET, CPURST) 


RESET 


This synchronous input suspends any operation in 
progress and places the 82380 in a known initial 
state. Upon reset, the 82380 will be in the Slave 
Mode waiting to be initialized by the 80386 host 
processor. The 82380 is reset by asserting RESET 
for 15 or more GlK2 periods. When RESET is as- 
serted all other input pins are ignored, and all other 
bus pi~s are driven to an idle bus state as shown in 
Table 2-3. The 82380 will determine the phase of its 
internal clock following RESET going inactive. 


2.2.7 TRANSFER ACKNOWLEDGE (READY#) 


I 


This input indicates that the current bus cycle is 
complete. In the Master Mode, assertion of this sig- 


Table 2·2. Bus Cycle Definition 


MIIO# 
D/C# 
W/R# 
As INPUTS 
As OUTPUTS 


0 
0 
0 
Interrupt 
NOT GENERATED 


Acknowledge 


0 
0 
1 
UNDEFINED 
NOT GENERATED 
0 
1 
0 
1/0 Read 
1/0 Read 


0 
1 
1 
110 Write 
1/0 Write 


1 
0 
0 
UNDEFINED 
NOT GENERATED 
1 
0 
1 
HALT if 
NOT GENERATED 


BE(3-0) # = X011 
SHUTDOWN if 
BE (3-0) # = XXXO 


1 
1 
0 
Memory Read 
Memory Read 


1 
1 
1 
Memory Write 
Memory Write 


inter 


Signal 
Level 


A2-A31, 00-031, 
BEO#-BE3# 
Float 


O/C#, 
WIR#, 
MIIO#, AOS# 
Float 


REAOYO# 
'1' 
EOP# 
'1' (Weak Pull-UP) 
EOACK2-EOACKO 
'100' 
HOLO 
'0' 
INT 
UNOEFINEO" 
TOUT1/REF#, TOUTU/IRQ3#, 
TOUT3# 
UNOEFINEO" 
CPURST 
'0' 


RESET is level-sensitive and must be synchronous 
to the CLK2 signal. Therefore, this RESET input 
should be tied to the RESET output of the Clock 
Generator. The RESET setup and hold time require- 
ments are shown in Figure 2.3. 


This output signal is used to reset the 80386 host 
processor. It will go active (HIGH) whenever one of 
the following events occurs: a) 82380's RESET input 
is active; b) a software RESET command is issued 
to the 82380; or c) when the 82380 detects a proc- 
essor Shutdown cycle and when this detection fea- 
ture is enabled (see CPU Reset and Shutdown Oe- 
tect). When activated, CPURST will be held active 
for 62 CLK2 periods. The timing of CPURST is such 
that the 80386 processor will be in synchronization 
with the 82380. This timing is shown in Figure 2-4. 


This output pin is used to signal the 80386 host 
processor that one or more interrupt requests (either 
internal or external) are pending. The processor is 
expected to respond with an Interrupt Acknowledge 
cycle. This signal should be connected directly to 
the Maskable Interrupt Request (INTR) input of the 
80386 host processor. 


2.3 82380 Bus Timing 


The 82380 internally divides the CLK2 signal by two 
to generate its internal clock. Figure 2-2 shows the 
relationship of CLK2 and the internal clock. The in- 
ternal clock consists of two phases: PHI1 and PHI2. 
Each CLK2 period is a phase of the internal clock. In 
Figure 2-2, both PHI1 and PHI2 of the 82380 internal 
clock are shown. 


Figure 2·4. CPURST Timing 


4-177 


I 


82380 
CLOCK PERIOD 
82380 
CLOCK PERIOD 
82380 
CLOCK PERIOD 


CLK2 PERIOD 
CLK2 PERIOD 
CLK2 PERIOD 
01 
I 
02 
01 
I 
02 
01 
I 
02 


CLK2 


I 
\ 
\ 
\ 
PHI1~ 
I 
I 
I 
I 
PHI2\ 
I 


In the 82380, whether it is in the Master or Slave 
Mode, the shortest time unit of bus activity is a bus 
state. A bus state, which is also referred as a 
'T-state', is defined as one 82380 PHI2 clock period 
(Le., two CLK2 periods). Recall in Table 2-2, there 
are six different types of bus cycles in the 82380 as 
defined by the M/IO#, 
D/C# 
and W/R# 
signals. 
Each of these bus cycles is composed of two or 
more bus states. The length of a bus cycle depends 
on when the READY# input is asserted (Le., driven 
LOW). 


The 82380 supports Address Pipelining as an option 
in both the Master and Slave Mode. This feature typ- 
ically allows a memory or peripheral device to oper- 
ate with one less wait state than would otherwise be 
required. This is possible because during a pipelined 
cycle, the address and bus cycle definition of the 
next cycle will be generated by the bus master while 
waiting for the end of the current cycle to be ac- 
knowledged. The pipelined bus is especially well 
suited for interleaved memory environment. For 16 
MHz interleaved memory designs with 100 ns ac- 
cess time DRAMs, zero wait state memory accesses 
can be achieved when pipelined addressing is se- 
lected. 


In the Master Mode, the 82380 is capable of initiat- 
ing, on a cycle-by-cycle basis, either a pipelined or 
non-pipelined access depending upon the state of 
the NA# input. If a pipelined cycle is requested (indi- 
cated by NA# 
being driven LOW), the 82380 will 


drive the address and bus cycle definition of the next 
cycle as soon as there is an internal bus request 
pending. 


In the Slave Mode, the 82380 is constantly monitor- 
ing the ADS# and READY# signals on the proces- 
sor local bus to determine if the current bus cycle is 
a pipelined cycle. If a pipelined cycle is detected, the 
82380 will request one less wait state from the proc- 
essor if the Wait State Generator feature is selected. 
On the other hand, during an 82380 internal register 
access in a pipelined cycle, it will make use of the 
advance address and bus cycle information. In all 
cases, Address Pipelining will result in a savings of 
one wait state. 


When the 82380 is in the Master Mode, it will be in 
one of six bus states. Figure 2-5 shows the complete 
bus state diagram of the Master Mode, including 
pipelined address states. As seen in the figure, the 
82380 state diagram is very similar to that of the 
80386. The major difference is that in the 82380, 
there is no Hold state. Also, in the 82380, the condi- 
tions for some state transitions depend upon wheth- 
er it is the end of a DMA process·. 


NOTE: 
·The term 'end of a DMA process' is loosely de- 
fined here. It depends on the DMA modes of oper- 
ation as well as the state of the EOP# and DREQ 
inputs. This is explained in detail in section 3-DMA 
Controller. 


inter 


The 82380 will enter the idle state, Ti, upon RESET 
and whenever the internal address is not available at 
the end of a DMA cycle or at the end of a DMA 
process. When address pipelining is not used (NA# 
is not asserted), a new bus cycle always begins with 
state T1. DuringT1, address and bus cycle definition 
signals will be driven on the bus. T1 is always fol- 
lowed by T2. 


If a bus cycle is not acknowledged (with READY#) 
during T2 and NA# is negated, T2 will be repeated. 
When the end of the bus cycle is acknowledged dur- 
ing T2, the following state will be T1 of the next bus 
cycle (if the internal address latch is loaded and if 
this is not the end of the DMA process). Otherwise, 
the Ti state will be entered. Therefore, if the memory 
or peripheral accessed is fast enough to respond 
within the first T2, the fastest non-pipelined cycle will 
take one T1 and one T2 state. 


Use of the address pipelining feature allows the 
82380 to enter three additional bus states: T1P, 
T2P, and T2i. T1P is the first bus state of a pipelined 
bus cycle. T2P follows T1P (or T2) if NA# is assert- 
ed when sampled. The 82380 will drive the bus with 
the address and bus cycle definition signals of the 
next cycle during T2P. From the state diagram, it can 
be seen that after an idle state Ti, the first bus cycle 
must begin with T1, and is therefore a non-pipelined 
bus cycle. The next bus cycle can be pipelined if 
NA# is asserted and the previous bus cycle ended 
in a T2P state. Once the 82380 is in a pipelined 
cycle and provided that NA# is asserted in subse- 
quent cycles, the 82380 will be switching between 
T1P and T2P states. If the end of the current bus 
cycle is not acknowledged by the READY# input, 
the 82380 will extend the cycle by adding T2P 
states. The fastest pipelined cycle will consist of one 
T1P and one T2P state. 


NOTE: 
ADAV-Internal 
Address Available 


inter 


The 82380 will enter state T2i when NA# is assert- 
ed and when one of the following two conditions 
occurs. The first condition is when the 82380 is in 
state T2. T2i will be entered if READY# is not as- 
serted and there is no next address available. This 
situation is similar to a wait state. The 82380 will stay 
in T2i for as long as this condition exists. The sec- 
ond condition which will cause the 82380 enter T2i is 
when the 82380 is in state T1P. Before going to 


state T2P, the 82380 needs to wait in state T2i until 
the next address is available. Also, in both cases, if 
the DMA process is complete, the 82380 will enter 
the T2i state in order to finish the current DMA cycle. 


Figure 2-6 is a timing diagram showing non-pipelined 
bus accesses in the Master Mode. Figure 2-7 shows 
the timing of pipelined accesses in the Master Mode. 
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dress and bus cycle signals one bus state earlier 
than in a non-pipelined cycle. 


Figure 2-8 shows the Slave Mode bus timing in both 
pipelined and non-pipelined cycles when the 82380 
is being accessed. Recall that during Slave Mode, 
the 82380 will constantly monitor the ADS# and 
READY# signals to determine if the next cycle is 
pipelined. In Figure 2-8, the first cycle is non-pipe- 
lined and the second cycle is pipelined. In the pipe- 
lined cycle, the 82380 will start decoding the ad- 


The READY# input signal is sampled by the 80386 
host processor to determine the completion of a bus 
cycle. This occurs during the end of every T2 and 
T2P state. Normally, the output of the 82380 Wait 
State Generator, READYO#, is directly connected 
to the READY# input of the 80386 host processor 
and the 82380. In such case, READYO# 
and 


READY# will be identical (see Wait State Genera- 
tor). 


A(2-31) 
8E(0-3), 


104/10' 


O/C,.W/R, 


NOTE: 
NAil' is shown 
here only for timing 
reference. 
It is not sampled 
by the 82380 during 
Slave 
Mode. 


When 
the 82380 
registers 
are accessed. 
it will take one or more wait states 
in pipelined 
and two or more wait states 
in 
non-pipelined 
cycle 
to complete 
the internal 
access. 
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ure 3-1 is a block diagram of the 82380 DMA Con- 
troller. 
The 82380 DMA Controller is capable of transferring 
data between any combination of memory and! or 
I/O, with any combination (8-, 16-, or 32-bits) of data 
path widths. Bus bandwidth is optimized through the 
use of an internal temporary register which can dis- 
assemble or assemble data to or from either an 
aligned or a non-aligned destination or source. Fig- 


The 82380 has eight channels of DMA. Each chan- 
nel operates independently of the others. Within the 
operation of the individual channels, there are many 
different modes of data transfer available. Many of 
the operating modes can be intermixed to provide a 
very versatile DMA controller. 
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In describing the operation of the 82380's DMA Con- 
troller, close attention to terminology is required. Be- 
fore entering the discussion of the function of the 
82380 DMA Controller, the following explanations of 
some of the terminology used herein may be of ben- 
efit. First, a few terms for clarification: 


DMA PROCES5-A 
DMA process is the execution 


of a programmed DMA task from beginning to end. 
Each DMA process requires initial programming by 
the host 80386 microprocessor. 


BUFFER-A 
contiguous block of data. 


BUFFER TRANSFER-The 
action required by the 


DMA to transfer an entire buffer. 


DATA TRANSFER-The 
DMA action in which a 


group of bytes, words, or double words are moved 
between devices by the DMA Controller. A data 
transfer operation may involve movement of one or 
many bytes. 


BUS CYCLE-Access 
by the DMA to a single byte, 


word, or double word. 


Each DMA channel consists of three major compo- 
nents. These components are identified by the con- 
tents of programmable registers which define the 
memory or I/O devices being serviced by the DMA. 
They are the Target, the Requester, and the Byte 
Count. They will be defined generically here and in 
greater detail in the DMA register definition section. 


The Requester is the device which requires service 
by the 82380 DMA Controller, and makes the re- 
quest for service. All of the control signals which the 
DMA monitors or generates for specific channels 
are logically related to the Requester. Only the Re- 
quester is considered capable of initiating or termi- 
nating a DMA process. 


The Target is the device with which the Requester 
wishes to communicate. As far as the DMA process 
is concerned, the Target is a slave which is incapa- 
ble of control over the process. 


The direction of data transfer can be either from Re- 
quester to Target or from Target to Requester; i.e., 
each can be either a source or a destination. 


The Requester and Target may each be either I/O 
or memory. Each has an address associated with it 
that can be incremented, decremented, or held con- 
stant. The addresses are stored in the Requester 
Address Registers and Target Address Registers, 


respectively. These registers have two parts: one 
which contains the current address being used in the 
DMA process (Current Address Register), and one 
which holds the programmed base address (Base 
Address Register). The contents of the Base Regis- 
ters are never changed by the 82380 DMA Control- 
ler. The Current Registers are incremented or decre- 
mented according to the progress of the DMA pro- 
cess. 


The Byte Count is the component of the DMA pro- 
cess which dictates the amount of data which must 
be transferred. Current and Base Byte Count Regis- 
ters are provided. The Current Byte Count Register 
is decremented once for each byte transferred by 
the DMA process. When the register is decremented 
past zero, the Byte Count is considered 'expired' 
and the process is terminated or restarted, depend- 
ing on the mode of operation of the channel. The 
point at which the Byte Count expires is called 'Ter- 
minal Count' and several status signals are depen- 
dent on this event. 


Each channel of the 82380 DMA Controller also 
contains a 32-bit Temporary Register for use in as- 
sembling and disassembling non-aligned data. The 
operation of this register is transparent to the user, 
although the contents of it may affect the timing of 
some DMA handshake sequences. Since there is 
data storage available for each channel, the DMA 
Controller can be interrupted without loss of data. 


The 82380 DMA Controller is a slave on the bus until 
a request for DMA service is received via either a 
software request command or a hardware request 
signal. The host processor may access any of the 
control/status or channel registers at any time the 
82380 is a bus slave. Figure 3-2 shows the flow of 
operations that the DMA Controller performs. 


At the time a DMA service request is received, the 
DMA Controller issues a bus hold request to the 
host processor. The 82380 becomes the bus master 
when the host relinquishes the bus by asserting a 
hold acknowledge signal. The channel to be serv- 
iced will be the one with the highest priority at the 
time the DMA Controller becomes the bus master. 
The DMA Controller will remain in control of the bus 
until the hold acknowledge signal is removed, or un- 
til the current DMA transfer is complete. 


While the 82380 DMA Controller has control of the 
bus, it will perform the required data transfer(s). The 
type of transfer, source and destination addresses, 
and amount of data to transfer are programmed in 
the control registers of the DMA channel which re- 
ceived the request for service. 


inter 


At completion ot the DMA process, the 82380 will 
remove the bus hold request. At this time the 82380 
becomes a slave again, and the host returns to be- 
ing a master. It there are other DMA channels with 
requests pending, the controller will again assert the 
hold request signal and restart the bus arbitration 
and sWitchingprocess. 


3.2 Interface Signals 


There are tourteen control signals dedicated to the 
DMA process. They include eight DMA Channel Re- 
quests (DREQn),three Encoded DMA Acknowledge 
signals (EDACKn), Processor Hold and Hold Ac- 
knowledge 
(HOLD, HLDA), and 
End-at-Process 


(EOP#). The DREQn inputs and EDACK(0-2) out- 
puts are handshake signals to the devices requiring 
DMA service. The HOLD output and HLDA input are 
handshake signals to the host processor. Figure 3-3 
shows these signals and how they interconnect be- 
tween the 82380 DMA Controller, and the Requester 
and Target devices. 


TO HOST{HOLD 
82830 


PROCESSOR 
Dt.lA CONTROLLER 
HLDA 


3.2.1 DREQn and EDACK{O-2) 


These signals are the handshake signals between 
the peripheral and the 82380. When the peripheral 
requires DMA service, it asserts the DREQn signal 
of the channel which is programmed to perform the 
service. The 82380 arbitrates the DREQn against 
other pending requests and begins the DMA pro- 
cess after finishing other higher priority processes. 


When the DMA service for the requested channel is 
in progress, the EDACK(0-2) signals represent the 
DMA channel which is accessing the Requester. 
The 3-bit code on the EDACK(0-2) lines indicates 
the number of the channel presently being serviced. 
Table 3-2 shows the encoding of these signals. Note 
that Channel 4 does not have a corresponding hard- 
ware acknowledge. 


The DMA acknowledge (EDACK) signals indicate 
the active channel only during DMA accesses to the 
Requester. 
During 
accesses 
to 
the 
Target, 
EDACK(0-2) has the idle code (100). EDACK(0-2) 
can thus be used to select a Requester device dur- 
ing a transfer. 


Table 3·2. EDACK Encoding During 


a DMA Transfer 


EDACK2 
EDACK1 
EDACKO Active Channel 


0 
0 
0 
0 


0 
0 
1 
1 


0 
1 
0 
' 2 


0 
1 
1 
3 


1 
0 
0 
Target Access 


1 
0 
1 
5 


1 
1 
0 
6 


1 
1 
1 
7 


DREQn can be programmed as either an Asynchro- 
nous or Synchronous input. See section 3.4.1 for de- 
tails on synchronous versus asynchronous operation 
of this pin. 


The EDACKn signals are always active. They either 
indicate 'no acknowledge' or they indicate a bus ac- 
cess to the requester. The acknowledge code is ei- 
ther 100, for an idle DMA or during a DMA access to 
the Target, or 'n' during a Requester access, where 
n is the binary value representing the channel. A 
simple 3-line to 8-line decoder can be used to pro- 
vide discrete acknowledge signals for the peripher- 
als. 


3.2.2 HOLD and HLDA 


The Hold Request (HOLD) and Hold Acknowledge 
(HLDA) signals are the handshake signals between 


the DMA Controller and the host processor. HOLD is 
an output from the 82380 and HLDA is an input. 
HOLD is asserted by the DMA Controller when there 
is a pending DMA request, thus requesting the proc- 
essor to give up control of the bus so the DMA pro- 
cess can take place. The 80386 responds by assert- 
ing HLDA when it is ready to relinquish control of the 
bus. 


The 82380 will begin operations on the bus one 
clock cycle after the HLDA signal goes active. For 
this reason, other devices on the bus should be in 
the slave mode when HLDA is active. 


HOLD and HLDA should not be used to gate or se- 
lect peripherals requesting DMA service. This is be- 
cause of the use of DMA-like operations by the 
DRAM Refresh Controller. The Refresh Controller is 
arbitrated with the DMA Controller for control of the 
bus, and refresh cycles have the highest priority. A 
refresh cycle will take place between DMA cycles 
without relinquishing bug control. See section 3.4.3 
for a more detailed discussion of the interaction be- 
tween the DMA Controller and the DRAM Refresh 
Controller. 


EOP# is a bi-directional signal used to indicate the 
end of a DMA process. The 82380 activates this as 
an output during the T2 states of the last Requester 
bus cycle for which a channel is programmed to exe- 
cute. The Requester should respond by either with- 
drawing its DMA request, or interrupting the host 
processor to indicate that the channel needs to be 
programmed with a new buffer. As an input, this sig- 
nal is used to tell the DMA Controller that the periph- 
eral being serviced does not require any more data 
to be transferred. This indicates that the current 
buffer is to be terminated. 


EOP# can be programmed as either an Asynchro- 
nous or a Synchronous input. See section 3.4.1 for 
details on synchronous versus asynchronous opera- 
tion of this pin. 


3.3 Modes of Operation 


The 82380 DMA Controller has many independent 
operating functions. When designing peripheral in- 
terfaces for the 82380 DMA Controller, all of the 
functions or modes must be considered. All of the 
channels are independent of each other (except in 
priority of operation) and can operate in any of the 
modes. Many of the operating modes, though inde- 
pendently programmable, affect the operation of 
other modes. Because of the large number of com- 


cussed here with its affects on the operation of other 
modes. The entire list of possible combinations will 
not be presented. 


Table 3-1 shows the categories of DMA features 
available in the 82380. Each of the five major cate- 
gories is independent of the others. The sub-catego- 
ries are the available modes within the major func- 
tion 
or 
mode category. The following 
sections 


explain each mode or function and its relation to oth- 
er features. 


I. Target/Requester 
Definition 


a. Data Transfer Direction 
b. Device Type 
c. Increment/Decrement/Hold 


II. Buffer 
Processes 
a. Single Buffer Process 
b. Buffer Auto-Initialize Process 
c. Buffer Chaining Process 
III. Data Transfer/Handshake 
Modes 


a. Single Transfer Mode 
b. Demand Transfer Mode 
c. Block Transfer Mode 
d. Cascade Mode 


IV. Priority 
Arbitration 
a. Fixed 
b. Rotating 
c. Programmable Fixed 


V. Bus Operation 
a. Fly-By (Single-Cycle)/Two-Cycle 
b. Data Path Width 
c. Read, Write, or Verify Cycles 


All DMA transfers involve three devices: the DMA 
Controller, the Requester, and the Target. Since the 
devices to be accessed by the DMA Controller vary 
widely, the operating characteristics of the DMA 
Controller must be tailored to the Requester and 
Target devices. 


The Requester can be defined as either the source 
or the destination of the data to be transferred. This 
is done by specifying a Write or a Read transfer, 
respectively. In a Read transfer, the Target is the 
data source and the Requester is the destination for 


The Requester and Target addresses can each be 
independently programmed to be incremented, dec- 
remented, or held constant. As an example, the 
82380 is capable of reversing a string or data by 
having a Requester address increment and the Tar- 
get address decrement in a memory-to-memory 
transfer. 


The 82380 DMA Controller allows three programma- 
ble Buffer Transfer Processes. These processes de- 
fine the logical way in which a buffer of data is ac- 
cessed by the DMA. 


The three Buffer Transfer Processes include the Sin- 
gle Buffer Process, the Buffer Auto-Initialize Pro- 
cess, and the Buffer Chaining Process. These pro- 
cesses require special programming considerations. 
See the DMA Programming section for more details 
on setting up the Buffer Transfer Processes. 


Single Buffer 
Process 


The Single Buffer Process allows the DMA channel 
to transfer only one buffer of data. When the buffer 
has been 
completely 
transferred 
(Current 
Byte 


Count decremented past zero or EOP# input ac- 
tive), the DMA process ends and the channel be- 
comes idle. In order for that channel to be used 
again, it must be reprogrammed. 


The single Buffer Process is usually used when the 
amount of data to be transferred is known exactly, 
and it is also known that there is not likely to be any 
data to follow before the operating system can 
reprogram the channel. 


The Buffer Auto-Initialize Process allows multiple 
groups of data to be transferred to or from a single 
buffer. This process does not require reprogram- 
ming. The Current Registers are automatically repro- 
grammed from the Base Registers when the current 
process is terminated, either by an expired Byte 
Count or by an external EOP# 
signal. The data 


transferred will always be between the same Target 
and Requester. 


The auto-initialization/process-execution cycle is re- 
peated, with a HOLD/HLDA re-arbitration, until the 
channel is either disabled or re-programmed. 


Buffer Chaining Process 


The Buffer Chaining Process is useful for transfer- 
ring large quantities of data into non-contiguous 
buffer areas. In this process, a single channel is 
used to process data from several buffers, while 
having to program the channel only once. Each new 
buffer is programmed in a pipelined operation that 
provides the new buffer information while the old 
buffer is being processed. The chain is created by 
loading new buffer information while the 82380 DMA 
Controller is processing the Current Buffer. When 
the Current Buffer expires, the 82380 DMA Control- 
ler automatically restarts the channel using the new 
buffer information. 


Loading the new buffer information is done by an 
interrupt routine which is requested by the 82380. 
Interrupt Request 1 (IRQ1) is tied internally to the 
82380 DMA Controller for this purpose. IRQ1 is gen- 
erated by the 82380 when the new buffer informa- 
tion is loaded into the channel's Current Registers, 
leaving the Base Registers 'empty'. The interrupt 
service routine loads new buffer information into the 
Base Registers. The host processor is required to 
load the information for another buffer before the 
current Byte Count expires. The process repeats un- 
til the host programs the channel back to single buff- 
er operation, or until the channel runs out of buffers. 


The channel runs out of buffers when the Current 
Buffer expires and the Base Registers have not yet 
been loaded with new buffer information. When this 
occurs, the channel must be reprogrammed. 


If an external EOP# is encountered while executing 
a Buffer Chaining Process, the current buffer is con- 
sidered expired and the new buffer information is 
loaded into the Current Registers. If the Base Regis- 
ters are 'empty', the chain is terminated. 


The channel uses the Base Target Address Register 
as an indicator of whether or not the Base Registers 
are full. When the most significant byte of the Base 
Target Register is loaded, the channel considers all 
of the Base Registers loaded, and removes the in- 
terrupt request. This requires that the other Base 
Registers (Base 
Requester Address, 
Last 
Byte 
Count) must be loaded before the Base Target Ad- 
dress Register. The reason for implementing the re- 


loading process this way is that, for most applica- 
tions, the Byte Count and the Requester will not 
change from one buffer to the next, and therefore do 
not need to be reprogrammed. The details of pro- 
gramming the channel for the Buffer Chaining Pro- 
cess can be found in the section of DMA program- 
ming. 


Three Data Transfer modes are available in the 
82380 DMA Controller. They are the Single Transfer, 
Block 
Transfer, 
and 
Demand Transfer 
Modes. 


These transfer modes can be used in conjunction 
with anyone of three Buffer Transfer modes: Single 
Buffer, Auto-Initialized Buffer, and Buffer Chaining. 
Any Data Transfer Modes can be used under any of 
the Buffer Transfer Modes. These modes are inde- 
pendently available for all DMA channels. 


Different devices being serviced by the DMA Con- 
troller require different handshaking sequences for 
data transfers to take place. Three handshaking 
modes are available on the 82380, giving the de- 
signer the opportunity to use the DMA Controller as 
efficiently as possible. The speed at which data can 
be presented or read by a device can affect the way 
a DMA controller uses the host's bus, thereby affect- 
ing not only data throughput during the DMA pro- 
cess, but also affecting the host's performance by 
limiting its access to the bus. 


Single Transfer 
Mode 


In the Single Transfer Mode, one data transfer to or 
from the Requester is performed by the DMA Con- 
troller at a time. The DREQn input is arbitrated and 
the HOLD/HLDA sequence is executed for each 
transfer. Transfers continue in this manner until the 
Byte Count expires, or until EOP# is sampled active. 
If the DREQn input is held active continuously, the 
entire DREQ-HOLD-HLDA-DACK sequence is re- 
peated over and over until the programmed number 
of bytes has been transferred. Bus control is re- 
leased to the host between each transfer. Figure 3-4 
shows the logical flow of events which make up a 
buffer transfer using the Single Transfer Mode. Re- 
fer to section 3.4 for an explanation of the bus con- 
trol arbitration procedure. 
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The Single Transfer Mode is used for devices which 
require complete handshake cycles with each data 
access. Data is transferred to or from the Requester 
only when the Requester is ready to perform the 
transfer. Each transfer requires the entire DREQ- 
HOLD-HLDA-DACK handshake cycle. Figure 3-5 
shows the timing of the Single Transfer Mode cy- 
cles. 


In the Block Transfer Mode, the DMA process is ini- 
tiated by a DMA request and continues until the Byte 
count expires, or until EOP# is activated by the Re- 
quester. The DREQn signal need only be held active 
until the first Requester access. Only a refresh cycle 
will interrupt the block transfer process. 


Figure 3-6 illustrates the operation of the DMA dur- 
ing the Block Transfer Mode. Figure 3-7 shows the 
timing of the handshake signals during Block Mode 
Transfers. 


Figure 3-4. Buffer Transfer 
In 
Single Transfer 
Mode 
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The Demand Transfer Mode provides the most flex- 
ible handshaking procedures during the DMA pro- 
cess. A Demand Transfer is initiated by a DMA re- 
quest. The process continues until the Byte Count 
expires, or an external EOP# is encountered. If the 
device being serviced (Requester) desires, it can in- 
terrupt 
the 
DMA 
process 
by 
de-activating 
the 


DREQn line. Action is taken on the condition of 
DREQn during Requester accesses only. The ac- 
cess during which DREQn is sampled inactive is the 
last Requester access which will be performed dur- 
ing the current transfer. Figure 3-8 shows the flow of 
events during the transfer of a buffer in the Demand 
Mode. 
Figure 3·6. Buffer Transfer 
In 
Block Transfer 
Mode 
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The Requester can restart the transfer process by 
reasserting DREQn. The 82380 will arbitrate the re- 
quest with other pending requests and begin the 
process where it left off. Figure 3-9 shows the timing 
of handshake signals during Demand Transfer Mode 
operation. 


Using the Demand Transfer Mode allows peripherals 
to access memory in small, irregular bursts without 
wasting bus control time. The 82380 is designed to 
give the best possible bus control latency in the De- 
mand Transfer Mode. Bus control latency is defined 
here as the time from the last active bus cycle of the 
previous bus master to the first active bus cycle of 
the new bus master. The 82380 DMA Controller will 
perform its first bus access cycle two bus states af- 
ter HLDA goes active. In the typical configuration, 
bus control is returned to the host one bus state 
after the DREQn goes inactive. 


Figure 3·8. Buffer Transfer 
In 
Demand 
Transfer 
Mode 


There are two cases where there may be more than 
one bus state of bus control latency at the end of a 
transfer. The first is at the end of an Auto-Initialize 
process, and the second is at the end of a process 
where the source is the Requester and Two-Cycle 
transfers are used. 


When the DREQn line goes inactive, the DMA con- 
troller will complete the current transfer, including 
any necessary accesses to the Target, and relin- 
quish control of the bus to the host. The current pro- 
cess information is saved (byte count, Requester 
and Target addresses, and Temporary Register). 
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When a Buffer Auto-Initialize Process is complete, 
the 82380 requires seven bus states to reload the 
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Current Registers from the Base Registers of the 
Auto-Initialized channel. The reloading is done while 
the 82380 is still the bus master so that it is prepared 
to service the channel immediately after relinquish- 
ing the bus, if necessary. 


In the case where the Requester is the source, and 
Two-Cycle transfers are being used, there are two 
extra idle states at the end of the transfer process. 
This occurs due to housekeeping in the DMA's inter- 
nal pipeline. These two idle states are present only 
after the very last Requester access, before the 
DMA Controller de-activates the HOLD signal. 


DMA channel priority can be programmed into one 
of two arbitration methods: Fixed or Rotating. The 
four lower DMA channels and the four upper DMA 
channels operate as if they were two separate DMA 
controllers operating in cascade. The lower group of 
four channels (0-3) 
is always prioritized between 


channels 7 and 4 of the upper group of channels (4- 
7). Figure 3-10 shows a pictorial representation of 
the priority grouping. 


The priority can thus be set up as rotating for one 
group of channels and fixed for the other, or any 
other combination. While in Fixed Priority, the pro- 
grammer can also specify which channel has the 
lowest priority. 
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Figure 3-10. DMA Priority Grouping 


The 82380 DMA Controller defaults to Fixed Priority. 
Channel 0 has the highest priority, then 1, 2, 3, 4, 5, 
6, 7. Channel 7 has the lowest priority. Any time the 
DMA Controller arbitrates DMA requests, the re- 
questing channel with the highest priority will be 
serviced next. 


Fixed Priority can be entered into at any time by a 
software command. The priority levels in effect 


after the mode switch are determined by the current 
setting of the Programmable Priority. 


Programmable Priority is available for fixing the prior- 
ity of the DMA channels within a group to levels oth- 
er than the default. Through a software command, 
the channel to have the lowest priority in a group 
can be specified. Each of the two groups of four 
channels can have the priority fixed in this way. The 
other channels in the group will follow the natural 
Fixed Priority sequence. This mode affects only the 
priority levels while operating with Fixed Priority. 


For example, if channel 2 is programmed to have the 
lowest priority in its group, channel 3 has the highest 
priority. In descending order, the other channels 
would have the following priority: (3, 0, 1, 2), 4, 5, 6, 
7 (channel 2 lowest, channel 3 highest). If the upper 
group were programmed to have channel 5 as the 
lowest priority channel, the priority would be (again, 
highest to lowest): 6, 7, (3, 0, 1,2),4,5. 
Figure 3-11 


shows this example pictorially. The lower group is 
always prioritized as a fifth channel of the upper 
group (between channels 4 and 7). 
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The DMA Controller will only accept Programmable 
Priority commands while the addressed group is op- 
erating in Fixed Priority. Switching from Fixed to Ro- 
tating Priority preserves the current priority levels. 
Switching from Rotating to Fixed Priority returns the 
priority levels to those which were last programmed 
by use of Programmable Priority. 


Rotating Priority allows the devices using DMA to 
share the system bus more evenly. An individual 
channel does not retain highest priority after being 
serviced, priority is passed to the next highest priori- 
ty channel in the group. The channel which was 
most recently serviced inherits the lowest priority. 
This rotation occurs each time a channel is serviced. 
Figure 3-12 shows the sequence of events as priori- 
ty is passed between channels. Note that the lower 
group rotates within the upper group, and that serv- 
icing a channel within the lower group causes rota- 
tion within the group as well as rotation of the upper 
group. 
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Figure 3-12. Rotating 
Channel 
Priority. 
Lower and Upper 


groups are programmed 
for the Rotating 
Priority 
Mode. 
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ity modes between the two groups of channels: 
Fixed Priority only (default), Fixed Priority upper 
group/Rotating Priority lower group, Rotating Priority 
upper group/Fixed Priority lower group, and Rotating 
Priority only. Figure 3-13 illustrates the operation of 
the two combined priority methods. 


Since the DMA Contrpller operates as two four- 
channel controllers in cascade, the overall priority 
scheme of all eight channels can take on a variety of 
forms. There are four possible combinations of prior- 


High 


~ 


Low 


~ 
-Default 
priority 


High 


~ 


Low 


~ 
After servicing channel 2 


High 
[2] 


Low 
o 50-After 
servicing channel 6 


High 


~ 


Low 


~ 
-After 
servicing channel 1 


High 
Low 


~ 
~ 
Default priority 


High 
Low 


~ 
~ 
After servicing channel 2 


High 
Low 


~ 
~ 
After servicing channel 6 


High 
Low 


~ 
~ 
After servicing channel 1 


CASE 2 0-3 
Rotating 
Priority, 
4-7 
Fixed Priority 


Figure 3-13. Combining 
Priority Modes 


Data may be transferred by the DMA Controller us- 
ing two different bus cycle operations: Fly-By (one- 
cycle) and Two-Cycle. These bus handshake meth- 
ods are selectable independently for each channel 
through a command register. Device data path 
widths are independently programmable for both 
Target and Requester. Also selectable through soft- 
ware is the direction of data transfer. All of these 
parameters affect the operation of the 82380 on a 
bus-cycle by bus-cycle basis. 


3.3.6.1 Fly-By Transfers 


The Fly-By Transfer Mode is the fastest and most 
efficient way to use the 82380 DMA Controller to 
transfer data. In this method of transfer, the data is 
written to the destination device at the same time it 
is read from the source. Only one bus cycle is used 
to accomplish the transfer. 


In the Fly-By Mode, the DMA acknowledge signal is 
used to select the Requester. The DMA Controller 
simultaneously places the address of the Target on 
the address bus. The state of M/IO# 
and W/R# 
during the Fly-By transfer cycle indicate the type of 
Target and whether the target is being written to or 
read from. The Target's Bus Size is used as an in- 
crementer for the Byte Count. The Requester ad- 
dress registers are ignored during Fly-By transfers. 


Note that memory-to-memory transfers cannot be 
done using the Fly-By Mode. Only one memory or 
I/O address is generated by the DMA Controller at a 
time during Fly-By transfers. Only one of the devices 
being accessed can be selected by an address. 
Also, the Fly-By method of data transfer limits the 
hardware to accesses of devices with the same data 
bus width. The Temporary Registers are not affect- 
ed in the Fly-By Mode. 


Fly-By transfers also require that the data paths of 
the Target and Requester be directly connected. 
This requires that successive Fly-By accesses be to 
doubleword boundaries, or that the Requester be 
capable of switching its connections to the data bus. 


3.3.6.2 Two-Cycle 
Transfers 


Two-Cycle transfers can also be performed by the 
82380 DMA Controller. These transfers require at 
least two bus cycles to execute. The data being 
transferred is read into the DMA Controller's Tempo- 
rary Register during the first bus cycle(s). The sec- 
ond bus cycle is used to write the data from the 
Temporary Register to the destination. 


not word or doubleword aligned, the 82380 will rec- 
ognize the situation and read and write the data in 
groups of bytes, placing them always at the proper 
destination. This process of collecting the desired 
bytes and putting them together is called 'byte as- 
sembly'. The reverse process (reading from aligned 
locations and writing to non-aligned locations) is 
called 'byte disassembly'. 


The assembly/disassembly 
process takes place 


transparent to the software, but can only be done 
while using the Two-Cycle transfer method. The 
82380 will always perform the assembly/disassem· 
bly process as necessary for the current data trans- 
fer. Any data path widths for either the Requester or 
Target can be used in the Two-Cycle Mode. This is 
very convenient for interfacing existing 8- and 16-bit 
peripherals to the 80386's 32-bit bus. 


The 82380 DMA Controller always attempts to fill 
the Temporary Register from the source before writ- 
ing any data to the destination. If the process is ter- 
minated before the Temporary Register is filled (TC 
or EOP#), the 82380 will write the partial data to the 
destination. If a process is temporarily suspended 
(such as when DREQn is de-activated during a de- 
mand transfer), the contents of a partially filled Tem- 
porary Register will be stored within the 82380 until 
the process is restarted. 


For example, if the source is specified as an 8-bit 
device and the destination as a 32-bit device, there 
will be four reads as necessary from the 8-bit source 
to fill the Temporary Register. Then the 82380 will 
write the 32-bit contents to the destination. This cy- 
cle will repeat until the process is terminated or sus- 
pended. 


Note that for a Single-Cycle transfer mode of opera- 
tion (see section 3.3.3), the internal circuitry of the 
DMA Controller actually executes single transfers by 
removing the DREQ from the internal arbitration. 
Thus single transfers from an 8-bit requester to a 32- 
bit target will consist of four complete and indepen- 
dent 8-bit requester cycles, between which bus con- 
trol is released and re-requested. Finally, the 32-bit 
data will be transferred to the target device from the 
temporary register before the fifth requester cycle. 


With Two-Cycle transfers, the devices that the 
82380 accesses can reside at any address within 
I/O or memory space. The device must be able to 
decode the byte-enables (BEn#). Also, if the device 
cannot accept data in byte quantities, the program- 
mer must take care not to allow the DMA Controller 
to access the device on any address other than the 
device boundary. 
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3.3.6.3 Data Path Width and Data Transfer 
Rate 


Considerations 


The number of bus cycles used to transfer a single 
'word' of data is affected by whether the Two-Cycle 
or the Fly-By (Single-Cycle) transfer method is used. 


The number of bus cycles used to transfer data di- 
rectly affects the data transfer rate. Inefficient use of 
bus cycles will decrease the effective data transfer 
rate that can be obtained. Generally, the data trans- 
fer rate is halved by using Two-Cycle transfers in- 
stead of Fly-By transfers. 


The choice of data path widths of both Target and 
Requester affects the data transfer rate also. During 
each bus cycle, the largest pieces of data possible 
should be transferred. 


The data path width of the devices to be accessed 
must be programmed into the DMA controller. The 
82380 defaults after reset to 8-bit-to-8-bit data trans- 
fers, but the Target and Requester can have differ- 
ent data path widths, independent of each other and 
independent of the other channels. Since this is a 
software programmable function, more discussion of 
the uses of this feature are found in the section on 
programming. 


3.3.6.4 Read, Write, and Verify 
Cycles 


Three different bus cycle types may be used in a 
data transfer. They are the Read, Write, and Verify 
cycles. These cycle types dictate the way in which 
the 82380 operates on the data to be transferred. 


A Read Cycle transfers data from the Target to the 
Requester. A Write Cycle transfers data from the 
Requester to the target. In a Fly-By transfer, the ad- 
dress and bus status signals indicate the access 
(read or write) to the Target; the access to the Re- 
quester is assumed to be the opposite. 


The Verify Cycle is used to perform a data read only. 
No write access is indicated or assumed in a Verify 
Cycle. The Verify Cycle is useful for validating block 
fill operations. An external comparator must be pro- 
vided to do any comparisons on the data read. 


3.4 
Bus Arbitration 
and Handshaking 


Figure 3-1'4 shows the flow of events in the DMA 
request 
arbitration 
process. The 
arbitration 
se- 


quence starts when the Requester asserts a DREQn 
(or DMA service is requested by software). Figure 
3-15 shows the timing of the sequence of events 
following a DMA request. This sequence is executed 
for each channel that is activated. The DREQn sig- 
nal can be replaced by a software DMA channel re- 
quest with no change in the sequence. 


After the Requester asserts the service request, the 
82380 will request control of the bus via the HOLD 
signal. The 82380 will always assert the HOLD sig- 
nal one bus state after the service request is assert- 
ed. The 80386 responds by asserting the HLDA sig- 
nal, thus releasing control of the bus to the 82380 
DMA Controller. 


Priority of pending DMA service requests is arbitrat- 
ed during the first state after HLDA is asserted by 
the 80386. The next state will be the beginning of 
the first transfer access of the highest priority pro- 
cess. 


When the 82380 DMA Controller is finished with its 
current bus activity, it returns control of the bus to 
the host processor. This is done by driving the 
HOLD signal inactive. The 82380 does not drive any 
address or data bus signals after HOLD goes low. It 
enters the Slave Mode until another DMA process is 
requested. The processor acknowledges that it has 
regained control of the bus by forcing the HLDA sig- 
nal inactive. Note that the 82380's DMA Controller 
will not re-request control of the bus until the entire 
HOLD/HLDA handshake sequence is complete. 


The 82380 DMA Controller will terminate a current 
DMA process for one of three reasons: expired byte 
count, end-of-process command (EOP# activated) 
from a peripheral, or de-activated DMA request sig- 
nal. In each case, the controller will de-assert HOLD 
immediately after completing the data transfer in 
progress. These three methods of process termina- 
tion are illustrated in Figures 3-16, 3-19, and 3-18, 
respectively. 


An expired byte count indicates that the current pro- 
cess is complete as programmed and the channel 
has no further transfers to process. The channel 
must be restarted according to the currently pro- 
grammed Buffer Transfer Mode, or reprogrammed 
completely, including a new Buffer Transfer Mode. 


If the peripheral activates the EOP# signal, it is indi- 
cating that it will not accept or deliver any more data 
for the current buffer. The 82380 DMA Controller 
considers this as a completion of the channel's cur- 
rent process and interprets the condition the same 
way as if the byte count expired. 


The action taken by the 82380 DMA Controller in 
response to a de-activated DREQn signal depends 
on the Data Transfer Mode of the channel. In the 
Demand Mode, data transfers will take place as long 
as the DREQn is active and the byte count has not 
expired. In the Block Mode, the controller will com- 
plete the entire block transfer without relinquishing 
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the 
bus, 
even 
if DREOn 
goes 
inactive 
before 
the 


transfer 
is complete. 
In the Single Mode, the control- 


ler will execute 
single 
data transfers, 
relinquishing 


the bus between 
each transfer, 
as long as DREOn is 


active. 


in Figure 
3-16. The condition 
of DREOn 
is ignored 


until after the process 
is terminated. 
If the channel 
is 


programmed 
to auto-initialize, 
HOLD will be held ac- 


tive for an additional 
seven 
clock 
cycles 
while 
the 


auto-initialization 
takes place. 


Normal termination 
of a DMA process 
due to expira- 
tion of the byte count (Terminal 
Count-TC) 
is shown 
Table 
3-3 shows 
the 
DMA channel 
activity 
due to 


EOP# 
or Byte Count expiring 
(Terminal 
Count). 


Single 
Auto- 
Chalning- 
Buffer Process: 
or Chainlng- 
Base Empty 
Initialize 
Base Loaded 


Event 


Terminal 
Count 
True 
X 
True 
X 
True 
X 
EOP# 
Input 
X 
0 
X 
0 
X 
0 


Results 


Current Registers 
- 
- 
Load 
Load 
Load 
Load 
Channel 
Mask 
Set 
Set 
- 
- 
- 
- 
EOP# 
Output 
0 
X 
0 
X 
1 
X 


Terminal 
Count Status 
Set 
Set 
Set 
Set 
- 
- 
Software 
Request 
CLR 
CLR 
CLR 
CLR 
- 
- 


\_----------- 
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I 
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The 82380 always relinquishes control of the bus 
between channel services. This allows the hardware 
designer the flexibility to externally arbitrate bus hold 
requests, if desired. If another DMA request is pend- 
ing when a higher priority channel service is com- 
pleted, the 82380 will relinquish the bus until the 
hold acknowledge is inactive. One bus state after 
the HLDA signal goes inactive, the 82380 will assert 
HOLD again. This is illustrated in Figure 3-17. 


3.4.1 SYNCHRONOUS 
AND ASYNCHRONOUS 


SAMPLING 
OF DREQn 
AND EOP# 


As an indicator that a DMA service is to be started, 
DREQn is always sampled asynchronously. It is 
sampled at the beginning of a bus state and acted 
upon at the end of the state. Figure 3-15 illustrates 
the start of a DMA process due to a DREQn input. 


The DREQn and EOP# inputs can be programmed 
to be sampled either synchronously or asynchro- 
nously to signal the end of a transfer. 


The synchronous mode affords the Requester one 
bus state of extra time to react to an access. This 
means the Requester can terminate a process on 
the current access, without losing any data. The 
asynchronous mode requires that the input signal be 
presented prior to the beginning of the last state of 
the Requester access. 


The timing relationships of the DREQn and EOP# 
signals to the termination of a DMA transfer are 
shown in Figures 3-18 and 3-19. Figure 3-18 shows 
the termination of a DMA transfer due to inactive 
DREQn. Figure 3-19 shows the termination of a 
DMA process due to an active EOP# input. 


In the Synchronous Mode, DREQn and EOP# are 
sampled at the end of the last state of every Re- 
quester data transfer cycle. If EOP# is active or 
DREQn is inactive at this time, the 82380 recognizes 
this access to the Requester as the last transfer. At 
this point, the 82380 completes the transfer in prog- 
ress, if necessary, and returns bus control to the 
host. 


In the asynchronous mode, the inputs are sampled 
at the beginning of every state of a Requester ac- 
cess. The 82380 waits until the end of the state to 
act on the input. 


DREQn and EOP# are sampled at the latest possi- 
ble time when the 82380 can determine if another 
transfer is required. In the Synchronous Mode, 
DREQn and EOP# are sampled on the trailing edge 
of the last bus state before another data access cy- 
cle begins. The Asynchronous Mode requires that 
the signals be valid one clock cycle earlier. 
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While in the Pipeline Mode, if the NA# signal is sam- 
pled active during a transfer, the end of the state 
where NA# was sampled active is when the 82380 
decides whether to commit to another transfer. The 
device must de-assert DREQn or assert EOP# be- 
fore NA# is asserted, otherwise the 82380 will com- 
mit to another, possibly undesired, transfer. 


Synchronous DREQn and EOP# sampling allows 
the peripheral to prevent the next transfer from oc- 
curring by de-activating DREQn or asserting EOP# 
during the current Requester access, before the 
82380 DMA Controller commits itself to another 
transfer. The DMA Controller will not perform the 
next transfer if it has not already begun the bus cy- 
cle. Asynchronous sampling allows less stringent 
timing requirements than the Synchronous Mode, 
but requires that the DREQn signal be valid at the 
beginning of the last bus state of the current Re- 
quester access. 


Using the Asynchronous Mode with zero wait states 
can be very difficult. Since the addresses and con- 
trol signals are driven by the 82380 near half-way 


82380 


DREQO 


HOLD 


HLKDA 


HOLD 


HLDA 


through the first bus state of a transfer, and the 
Asynchronous Mode requires that DREQn be active 
before the end of the state, the peripheral being ac- 
cessed is required to present DREQn only a few 
nanoseconds after the control information is avail- 
able. This means that the peripheral's control logic 
must be extremely fast (practically non-causal). An 
alternative is the Synchronous Mode. 


3.4.2 ARBITRATION 
OF CASCADED 
MASTER 


REQUESTS 


The Cascade Mode allows another DMA-type de- 
vice to share the bus by arbitrating its bus accesses 
with the 82380's. Seven of the eight DMA channels 
(0-3 and 5-7) can be connected to a cascaded de- 
vice. The cascaded device requests bus control 
through the DREQn line of the channel which is pro- 
grammed to operate in Cascade Mode. Bus hold ac- 
knowledge is signaled to the cascaded device 
through the EDACK lines. When the EDACK lines 
are active with the code for the requested cascade 
channel, the bus is available to the cascaded master 
device. 


BUS 
t.lASTER 0 


HOLD REQUEST 


HOLD ACKNOWLEDGE 


BUS 
t.lASTER n 


HOLD REQUEST 


inter 


A Cascade 
cycle 
begins 
the 
same 
way 
a regular 


DMA cycle 
begins. 
The requesting 
bus master 
as- 


serts the DREQn line on the 82380. This bus control 
request 
arbitrated 
as any other 
DMA request 
would 


be. 
If any 
channel 
receives 
a DMA 
request, 
the 


82380 
requests 
control 
of the bus. When 
the host 


acknowledges 
that 
it has released 
bus control, 
the 


82380 acknowledges 
to the requesting 
master that it 


may access 
the bus. The 82380 enters an idle state 


until the new master 
relinquishes 
control. 


A cascade 
cycle 
will be terminated 
by one of two 


events: 
DREQn 
going inactive, 
or HLDA going inac- 


tive. The normal way to terminate 
the cascade 
cycle 


is for the cascaded 
master 
to drop the DREQn 
sig- 


nal. Figure 3-21 shows the two cascade 
cycle termi- 


nation sequences. 


The Refresh 
Controller 
may interrupt 
the cascaded 


master to perform 
a refresh cycle. 
If this occurs, 
the 


82380 DMA Controller 
will de-assert 
the EDACK sig- 


nal (hold acknowledge 
to cascaded 
master) and wait 


for the cascaded 
master to remove 
its hold request. 


When the 82380 
regains 
bus control, 
it will perform 


the refresh 
cycle 
in its normal 
fashion. 
After the re- 


fresh cycle has been completed, 
and if the cascad- 


ed device 
has re-asserted 
its request, 
the 82380 will 


return control 
to the cascaded 
master which was in- 


terrupted. 
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wishes to place other devices on the bus as bus 
masters, the HLDA from the processor must be in- 
tercepted before presenting it to the 82380. Using 
the Cascade capability of the 82380 DMA Controller 
offers a much better solution. 


3.4.3 ARBITRATION 
OF REFRESH 
REQUESTS 


The arbitration of refresh requests by the DRAM Re- 
fresh Controller is slightly different from normal DMA 
channel request arbitration. The 82380 DRAM Re- 
fresh Controller always has the highest priority of 
any DMA process. It also can interrupt a process in 
progress. Two types of processes in progress may 
be encountered: normal DMA, and bus master cas- 
cade. 


In the event of a refresh request during a normal 
DMA process, the DMA Controller will complete the 
data transfer in progress and then execute the re- 
fresh cycle before continuing with the current DMA 
process. The priority of the interrupted process is 
not lost. If the data transfer cycle interrupted by the 
Refresh Controller is the last of a DMA process, the 
refresh cycle will always be executed before control 
of the bus is transferred back to the host. 


When the Refresh Controller request occurs during 
a cascade cycle, the Refresh Controller must be as- 
sured that the cascaded master device has relin- 
quished control of the bus before it can execute the 
refresh cycle. To do this, the DMA Controller drops 
the EDACK signal to the cascaded master and waits 
for the corresponding DREQn input to go inactive. 
By dropping the DREQn signal, the cascaded mas- 
ter relinquishes the bus. The Refresh Controller then 
performs the refresh cycle. Control of the bus is re- 
turned to the cascaded master if DREQn returns to 
an active state before the end of the refresh cycle, 
otherwise control is passed to the processor and the 
cascaded master loses its priority. 


3.5 DMA Controller 
Register Overview 


The 82380 DMA Controller contains 44 registers 
which are accessable to the host processor. Twen- 
ty-four of these registers contain the device ad- 
dresses and data counts for the individual DMA 
channels (three per channel). The remaining regis- 
ters are control and status registers for initiating and 
monitoring the operation of the 82380 DMA Control- 
ler. Table 3-4 lists the DMA Controller's registers 
and their accessability. 


Control/Status 
Reglster-one 
Each Per 


Group 
Command Register I 
Write Only 


Command Register II 
Write Only 


Mode Register I 
Write Only 


Mode Register II 
Write Only 


Software Request Register 
Read/Write 


Mask Set-Reset Register 
Write Only 


Mask Read-Write Register 
Read/Write 


Status Register 
Read Only 


Bus Size Register 
Write Only 


Chaining Register 
Read/Write 


Channel 
ReglsterS-One 
Each Per Channel 


Base Target Address 
Write Only 


Current Target Address 
Read Only 


Base Requester Address 
Write Only 


Current Requester Address 
Read Only 


Base Byte Count 
Write Only 


Current Byte Count 
Read Only 


Table 3·4. DMA Controller 
Registers 


The following registers are available to the host 
processor for programming the 82380 DMA Control- 
ler into its various modes and for checking the oper- 
ating status of the DMA processes. Each set of four 
DMA channels has one of each of these registers 
associated with it. 


Enables or disables the DMA channels as a group. 
Sets the Priority Mode (Fixed or Rotating) of the 
group. This write-only register is cleared by a hard- 
ware reset, defaulting to all channels enabled and 
Fixed Priority Mode. 


Sets the sampling mode of the DREQn and EOP# 
inputs. Also sets the lowest priority channel for the 
group in the Fixed Priority Mode. The functions pro- 
grammed through Command Register II default after 
a hardware reset to: asynchronous DREQn and 
EOP#, and channels 3 and 7 lowest priority. 


Mode Register I 


Mode Register I is identical in function to the Mode 
register of the 8237A. It programs the following func- 
tions for an individually selected channel: 


intJ 


Type of Transfer-read, 
write, verify 


Auto-Initialize-enable 
or disable 


Target Address Count-increment 
or 


decrement 
Data Transfer Mod&-demand, 
single, block, 
cascade 


Mode Register I functions default to the following 
after reset: verify transfer, Auto-Initialize disabled, In- 
crement Target address, Demand Mode. 


Programs the following functions for an individually 
selected channel: 


Target Address Hold-enable 
or disable 


Requester Address Count-increment 
or 


decrement 
Requester Address Hold-enable 
or disable 


Target Device Type-I/O 
or Memory 


Requester Device Type-I/O 
or Memory 


Transfer Cycles- Two-Cycle or Fly-By 


Mode Register II functions are defined as follows 
after a hardware reset: Disable Target Address Hold, 
Increment 
Requester Address, Target (and Re- 


quester) in memory, Fly-By Transfer Cycles. Note: 
Requester Device Type ignored in Fly-By Transfers. 


The DMA Controller can respond to service requests 
which are initiated by software. Each channel has an 
internal request status bit associated with it. The 
host processor can write to this register to set or 
reset the request bit of a selected channel. 


The status of the group's software DMA service reo 
quests can be read from this register as well. Each 
request bit is cleared upon Terminal Count or exter- 
nal EOP#. 


The software DMA requests are non-maskable and 
subject to priority arbitration with all other software 
and 
hardware 
requests. 
The 
entire 
register 
is 


cleared by a hardware reset. 


Each channel has associated with it a mask bit 
which can be set/reset to disable/enable that chan- 
nel. Two methods are available for setting and clear- 
ing the mask bits. The Mask Set/Reset Register is a 
write-only register which allows the host to select an 
individual channel and either set or reset the mask 
bit for that channel only. The Mask Read/Write Reg- 
ister is available for reading the mask bit status and 
for writing mask bits in groups of four. 


The mask bits of a group may be cleared in one step 
by executing the Clear Mask Command. See the 
DMA Programming section for details. A hardware 
reset sets all of the channel mask bits, disabling all 
channels. 


The Status register is a read-only register which con- 
tains the Terminal Count (TC) and Service Request 
status for a group. Four bits indicate the TC status 
and four bits indicate the hardware request status 
for the four channels in the group. The TC bits are 
set when the Byte Count expires, or when an exter- 
nal EOP# is asserted. These bits are cleared by 
reading from the Status Register. The Service Re- 
quest bit for a channel indicates when there is a 
hardware DMA request (DREQn) asserted for that 
channel. When the request has been removed, the 
bit is cleared. 


This write-only register is used to define the bus size 
of the Target and Requester of a selected channel. 
The bus sizes programmed will be used to dictate 
the sizes of the data paths accessed when the DMA 
channel is active. The values programmed into this 
register affect the operation of the Temporary Regis- 
ter. Any byte-assembly required to make the trans- 
fers using the specified data path widths will be done 
in the Temporary Register. The Bus Size register of 
the Target is used as an increment/decrement value 
for the Byte Counter and Target Address when in 
the Fly-By Mode. Upon reset, all channels default to 
8-bit Targets and 8-bit Requesters. 


As a command or write register, the Chaining regis- 
ter is used to enable or disable the Chaining Mode 
for a selected channel. Chaining can either be dis- 
abled or enabled for an individual channel, indepen- 
dently of the Chaining Mode status of other chan- 
nels. After a hardware reset, all channels default to 
Chaining disabled. 


When read by the host, the Chaining Register pro- 
vides the status of the Chaining Interrupt of each of 
the channels. These interrupt status bits are cleared 
when the new buffer information has been loaded. 


Each channel has three individually programmable 
registers necessary for the DMA process; they are 
the Base Byte Count, Base Target Address, and 
Base Requester Address registers. The 24-bit Base 


inter 


Byte Count register contains the number of bytes to 
be transferred by the channel. The 32-bit Base Tar- 
get Address Register contains the beginning ad- 
dress.(memory or I/O) of the Target device. The 32- 
bit Base Requester Address register contains the 
base address (memory or I/O) of the device which is 
to request DMA service. 


Three more registers for each DMA channel exist 
within the DMA Controller which are directly related 
to the registers mentioned above. These registers 
contain the current status of the DMA process. They 
are the Current Byte Count register, the Current Tar- 
get Address, and the Current Requester Address. It 
is these registers which are manipulated (increment- 
ed, decremented, or held constant) by the 82380 
DMA Controller during the DMA process. The Cur- 
rent registers are loaded from the Base registers. 


The Base registers are loaded when the host proc- 
essor writes to the respective channel register ad- 
dresses. Depending on the mode in which the chan- 
nel is operating, the Current registers are typically 
loaded in the same operation. Reading from the 
channel register addresses yields the contents of 
the corresponding Current register. 


To maintain compatibility with software which ac- 
cesses an 8237A, a Byte Pointer Flip-Flop is used to 
control access to the upper and lower bytes of some 
words of the Channel Registers. These words are 
accessed as byte pairs at single port addresses. The 
Byte Pointer Flip-Flop acts as a one-bit pointer 
which is toggled each time a qualifying Channel 
Register byte is accessed. It always points to the 
next logical byte to be accessed of a pair of bytes. 


The Channel registers are arranged as pairs of 
words, each pair with its own port address. Address- 
ing the port with the Byte Pointer Flip-Flop reset ac- 
cesses the least significant byte of the pair. The 
most significant byte is accessed when the Byte 
Pointer is set. 


For compatibility with existing 8237A designs, there 
is one exception to the above statements about the 
Byte Pointer Flip-Flop. The third byte (bits 16-23) of 
the Target Address is accessed through its own port 
address. The Byte Pointer Flip-Flop is not affected 
by any accesses to this byte. 


The upper eight bits of the Byte Count Register are 
cleared when the least significant byte of the regis- 
ter is loaded. This provides compatibility with soft- 
ware which accesses an 8237A. The 8237A has 
16-bit Byte Count Registers. 


Each channel has a 32-bit Temporary Register used 
for temporary data storage during two-cycle DMA 
transfers. It is this register in which any necessary 
byte assembly and disassembly of non-aligned data 
is performed. Figure 3-22 shows how a block of data 
will be moved between memory locations with differ- 
ent boundaries. Note that the order of the data does 
not change. 
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Target 
= source 
= 00000020H 
Requester 
~ 
destination 
~ 
00000053H 
Byte Count = 000006H 
Figure 3·22. Transfer 
of Data between 
Memory 


Locations 
with Different 
Boundaries. 
This will be 


the result, Independent 
of data path width. 


If the destination is the Requester and an early pro- 
cess termination has been indicated by the EOP'*' 
signal or DREQn inactive in the Demand Mode, the 
Temporary Register is not affected. If data remains 
in the Temporary Register due to differences in data 
path widths of the Target and Requester, it will not 
be transferred or otherwise lost, but will be stored for 
later transfer. 


If the destination is the Target and the EOP,*, signal 
is sensed active during the Requester access of a 
transfer, the DMA Controller will complete the trans- 
fer by sending to the Target whatever information is 
in the Temporary Register at the time of process 
termination. This implies that the Target could be 
accessed with partial data. For this reason it is ad- 
visable to have an I/O device designated as a Re- 
quester, unless it is capable of handling partial data 
transfers. 


inter 


3.6 
DMA Controller 
Programming 


Programming a DMA Channel to perform a needed 
DMA function is in general a four step process. First 
the global attributes of the DMA Controller are pro- 
grammed via the two Command Registers. These 
global attributes 
include: priority levels, channel 
group enables, priority mode, and DREQn/EOP# in- 
put sampling. 


The second step involves setting the operating 
modes of the particular channel. The Mode Regis- 
ters are used to define the type of transfer and the 
handshaking modes. The Bus Size Register and 
Chaining Register may also need to be programmed 
in this step. 


The third step is setting up the channel is to load the 
Base Registers in accordance with the needs of the 
operating modes chosen in step two. The Current 
Registers are automatically loaded from the Base 
Registers, if required by the Buffer Transfer Mode in 
effect. The information loaded and the order in 
which it is loaded depends on the operating mode. A 
channel used for cascading, for example, needs no 
buffer information and this step can be skipped en- 
tirely. 


The last step is to enable the newly programmed 
channel using one of the Mask Registers. The chan- 
nel is then available to perform the desired data 
transfer. The status of the channel can be observed 
at any time through the Status Register, Mask Reg- 
ister, Chaining Register, and Software Request reg- 
ister. 


Once the channel is programmed and enabled, the 
DMA process may be initiated in one of two ways, 
either by a hardware DMA request (DREQn) or a 
software request (Software Request Register). 


Once programmed to a particular Process/Mode 
configuration, the channel will operate in that config- 
uration until programmed otherwise. For this reason, 
restarting a channel after the current buffer expires 
does not require complete reprogramming of the 
channel. 
Only 
those 
parameters 
which 
have 


changed need to be reprogrammed. The Byte Count 


Register is always changed and must be repro- 
grammed. A Target or Requester Address Register 
which is incremented or decremented should be re- 
programmed also. 


The Buffer Process is determined by the Auto-Initial- 
ize bit of Mode Register I and the Chaining Register. 
If Auto-Initialize is enabled, Chaining should not be 
used. 


3.6.1.1 Single Buffer Process 


The Single Buffer Process is programmed by dis- 
abling Chaining via the Chaining Register and pro- 
gramming Mode Register I for non-Auto-Initialize. 


3.6.1.2 Buffer Auto-Initialize 
Process 


Setting the Auto-Initialize bit in Mode Register I is all 
that is necessary to place the channel in this mode. 
Buffer Auto-Initialize must not be enabled simulta- 
neous to enabling the Buffer Chaining Mode as this 
will have unpredictable results. 


Once the Base Registers are loaded, the channel is 
ready to be enabled. The channel will reload its Cur- 
rent Registers from the Base Registers each time 
the Current Buffer expires, either by an expired Byte 
Count or an external EOP# . 


3.6.1.3 Buffer Chaining Process 


The Buffer Chaining Process is entered into from the 
Single Buffer Process. The Mode Registers should 
be programmed first, with all of the Transfer Modes 
defined as if the channel were to operate in the Sin- 
gle Buffer Process. The channel's Base and Current 
Registers are then loaded. When the channel has 
been set up in this way, and the chaining interrupt 
service routine is in place, the Chaining Process can 
be entered by programming the Chaining Register. 
Figure 3.23 illustrates the Buffer Chaining Process. 


An interrupt (IRQ1) will be generated immediately af- 
ter the Chaining Process is entered, as the channel 


need of reloading. It is important to have the inter- 
rupt service routine in place at the time the Chaining 
Process is entered into. The interrupt request is re- 
moved when the most significant byte of the Base 
Target Address is loaded. 


The interrupt will occur again when the first buffer 
expires and the Current Registers are loaded from 
the Base Registers. The cycle continues until the 
Chaining Process is disabled, or the host fails to re- 
spond to IRQ1 before the Current Buffer expires. 


FROM THIS 
POINT. 
THE HOST 
CAN 
PERFORM 
ANOTHER 


TASK. 
THE INTERRUPT 
SERVICE 
ROUTINE 
LEFT BEHIND 


WILL 
MAINTAIN 
THE CHANNEL. 


Figure 3-23. Flow of Events in the 


Buffer Chaining Process 
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ting the Chaining Mode Register. If an interrupt is 
pending for the channel when the Chaining Register 
is reset, the interrupt request will be removed. The 
Chaining Process can be temporarily disabled by 
setting the channel's Mask bit in the Mask Register. 


The interrupt service routine for IRQ1 has the re- 
sponsibility of reloading the Base Register as neces- 
sary. It should check the status of the channel to 
determine the cause of channel expiration, etc. It 
should also have access to operating system infor- 
mation regarding the channel, if any exists. The 
IRQ1 service routine should be capable of determin- 
ing whether the chain should be continued or termi- 
nated and act on that information. 


The Data Transfer Modes are selected via Mode 
Register I. The Demand, Single, and Block Modes 
are selected by bits D6 and D7. The individual trans- 
fer type (Fly-By vs Two-Cycle, Read-Write-Verify, 
and I/O vs Memory) is programmed through both of 
the Mode registers. 


The Cascade Mode is set by writing ones to D7 and 
D6 of Mode Register I. When a channel is pro- 
grammed to operate in the Cascade Mode, all of the 
other modes associated with Mode Registers I and II 
are ignored. The priority and DREQn/EOP# 
defini- 
tions of the Command Registers will have the same 
effect on the channel's operation as any other 
mode. 


There are five port addresses which, when written 
to, command certain operations to be performed by 
the 82380 DMA Controller. The data written to these 
locations is not of consequence, writing to the loca- 
tion is all that is necessary to command the 82380 to 
perform the indicated function. Following are de- 
scriptions of the command function. 


inter 


Resets the Byte Pointer Flip-Flop. This command 
should be performed at the beginning of any access 
to the channel registers in order to be assured of 
beginning at a predictable place in the register pro- 
gramming sequence. 


All DMA functions are set to their default states. This 
command is the equivalent of a hardware reset to 
the DMA Controller. Functions other than those in 
the DMA Controller section of the 82380 are not af- 
fected by this command. 


Clear Mask 
Register 
-Channels 
0-3-location 
OOOEH 


Channels 4-7-location 
OOCEH 


This command simultaneously clears the Mask Bits 
of all channels in the addressed group, enabling all 
of the channels in the group. 


Clear TC Interrupt Request-location 
001EH 


This command resets the Terminal Count Interrupt 
Request Flip-Flop. It is provided to allow the pro- 
gram which made a software DMA request to ac- 
knowledge that it has responded to the expiration of 
the requested channel(s). 


The following diagrams outline the bit definitions and 
functions of the 82380 DMA Controller's Status and 
Control Registers. The function and programming of 
the registers is covered in the previous section on 
DMA Controller Programming.An entry of 'X' as a bit 
value indicates "don't care." 


Channel 
Registers 
(Read Current, 
Write Base) 


Channel 
Register 
Name 
Address 
Byte 
Bits 


(Hex) 
Pointer 
Accessed 


Channel 0 
Target Address 
00 
0 
0-7 


1 
8-15 


87 
x 
16-23 


10 
0 
24-31 


Byte Count 
01 
0 
0-7 


1 
8-15 
11 
0 
16-23 


Requester Address 
90 
0 
0-7 


1 
8-15 


91 
0 
16-23 


1 
24-31 


Channel 1 
Target Address 
02 
0 
0-7 


1 
8-15 


83 
x 
16-23 


12 
0 
24-31 


Byte Count 
03 
0 
0-7 


1 
8-15 


13 
0 
16-23 


Requester Address 
92 
0 
0-7 


1 
8-15 


93 
0 
16-23 


1 
24-31 


Channel 
Registers 
(Read Current, 
Write Base) 
Register 
Name 
Address 
Byte 
Bits 
Channel 
(Hex) 
Pointer 
Accessed 


Channel 
2 
Target Address 
04 
0 
0-7 


1 
8-15 


81 
x 
16-23 


14 
0 
24-31 


Byte Count 
05 
0 
0-7 


1 
8-15 


15 
0 
16-23 


Requester 
Address 
94 
0 
0-7 


1 
8-15 


95 
0 
16-23 
1 
24-31 


Channel 
3 
Target Address 
06 
0 
0-7 


1 
8-15 


82 
x 
16-23 


16 
0 
24-31 


Byte Count 
07 
0 
0-7 


1 
8-15 


17 
0 
16-23 


Requester 
Address 
96 
0 
0-7 


1 
8-15 


97 
0 
16-23 


1 
24-31 


Channel 
4 
Target Address 
CO 
0 
0-7 


1 
8-15 


8F 
x 
16-23 


DO 
0 
24-31 


Byte Count 
C1 
0 
0-7 


1 
8-15 


01 
0 
16-23 


Requester 
Address 
98 
0 
0-7 


1 
8-15 


99 
0 
16-23 


1 
24-31 


Channel 
5 
Target Address 
C2 
0 
0-7 
. 
1 
8-15 


8B 
x 
16-23 


02 
0 
24-31 


Byte Count 
C3 
0 
0-7 


1 
8-15 


03 
0 
16-23 


Requester 
Address 
9A 
0 
0-7 


1 
8-15 


9B 
0 
16-23 


1 
24-31 


Channel 
Registers 
(Read Current, 
Write Base) 
Register 
Name 
Address 
Byte 
Bits 
Channel 
(Hex) 
Pointer 
Accessed 


Channel 6 
Target Address 
C4 
0 
0-7 


1 
8-15 


89 
x 
16-23 


04 
0 
24-31 


Byte Count 
C5 
0 
0-7 


1 
8-15 


05 
0 
16-23 


Requester Address 
9C 
0 
0-7 


1 
8-15 


90 
0 
16-23 


1 
24-31 


Channel 7 
Target Address 
C6 
0 
0-7 


1 
8-15 


8A 
x 
16-23 


06 
0 
24-31 


Byte Count 
C7 
0 
0-7 


1 
8-15 


07 
0 
16-23 


Requester Address 
9E 
0 
0-7 


1 
8-15 


9F 
0 
16-23 


1 
24-31 


Port Address-Channels 
0-3-Q008H 


Channels 4-7-QOC8H 


GROUP WASK 


0= ENABLE CHANNELS 
, = DISABLE CHANNELS 


PRIORITY 
0= FIXED PRIORITY 
1 = ROTATING PRIORITY 


Port Addresses-Channels 
0-3-001 
AH 


Channels 4-7-Q00AH 


DREOn SAWPLING 
EOP# SAWPLING 
0= ASYNCHRONOUS 
1 = SYNCHRONOUS 


LOW PRIORITY LEVEL SET 
00 =CHANNEL 
0 (4) 
LOWEST 
01 = CHANNEL 
1 (5) 
LOWEST 


10= 
CHANNEL 
2 (6) 
LOWEST 
11 = CHANNEL 
3 (7) 
LOWEST 


:--1. r 


Port Addresses-Channels 
0-3-{)OOBH 
Channels 4-7-{)OCBH 


Port Addresses-Channels 
0-3-{)01 
BH 
Channels 4-7-{)ODBH 


CHANNEL 
SELECT 
00= 
CHANNEL 
01 = CHANNEL 
10= 
CHANNEL 
11 = CHANNEL 


TRANSfER 
TYPE 
00 = VERifY 
01 = WRITE 
10=REAO 
11 = ILLEGAL 
XX If 
IN CASCAOE MOOE 


AUTO-INITIALIZE 
0= 
OISABLE, 
1 = ENABLE 


TARGET INCREt.4ENTIDECREt.4ENT 
0= 
INCREt.4ENT 'TARGET 
1 = DECREt.4ENT TARGET" 
X If TARGET HOLD ENABLED 


DATA TRANSfER 
t.40DE 
00 = DEMAND MODE 
01 = SINGLE TRANSfER 
t.40DE 
10 = BLOCK MODE 
11 = CASCADE MODE 


CHANNEL 
SELECT 
SEE t.40DE REGiSTER I 


TARGET HOLD 
0= 
INCREMENT/DECREt.4ENT 
1 =HOLD 


REQUESTER INCREt.4ENT 
0= 
INCREMENT 
1 = DECREMENT" 
X If 
REQUESTER HQLD ENABLED 


REQ~;;;rtfgR~S~~T/DECREMENT 
1 =HOLD 


TARGET DEVICE TYPE 
0= 
t.4EMORY 
1 = INPUT/OUTPUT 


REQUESTER DEVICE TYPE 
0=MEt.40RY 
1 = INPUT/OUTPUT 


TRANSfER 
CYCLES 
0= 
ONE-CYCLE 
(fLY-BY) 
1 = TWO-CYCLE 


inter 


Port Addresses-Channels 
0-3-Q009H 


Channels 4-7-QOC9H 


Port Addresses-Channels 
0-3-QOOAH 
Channels 4-7-QOCAH 


CHANNEL SELECT 
SEE MODE REGISTER I 


REQUEST SERVICE 
o = REMOVE REQUEST 
1 = ASSERT REQUEST 


CHANNEL 0 (-4) REQUEST 
CHANNEL 
1 (5) 
REQUEST 
CHANNEL 2 (6) 
REQUEST 
CHANNEL 3 (7) 
REQUEST 


CHANNEL SELECT 


SEE MODE REGISTER I 


MASK SET BIT 
o = CLEAR MASK 
1 = SET MASK 


Port Addresses-Channels 0-3--000FH 
Channels4-7-QOCFH 


07 
06 
05 
D. 
03 
02 
01 
DO 


~ 


x 
X 
X 
t.43t.42t.41t.40 


CHANNEL 
0 (.) 
t.4ASK BIT 


- 
CHANNEL 
1 (5) 
t.4ASK BIT 


CHANNEL 
2 (6) 
t.4ASK BIT 


CHANNEL 
3 (7) 
t.4ASK BIT 


t.4ASK BIT = 0 -CHANNEL 
ENABLE 
= 1 -CHANNEL 
DISABLE 


Port Addresses-Channels 0-3--0008H 
Channels4-7-QOC8H 


CHANNEL 
0(.) 
EXPIRED 


CHANNEL 
1 (5) 
EXPIRED 


CHANNEL 
2 (6) 
EXPIRED 


CHANNEL 
3 (7) 
EXPIRED 


CHANNEL 
0 (.) 
REQUEST 


CHANNEL 
1 (5) 
REQUEST 


CHANNEL 
2 (6) 
REQUEST 


CHANNEL 
3 (7) 
REQUEST 


Port Addresses-Channels 0-3-Q018H 


Channels4-7-QOD8H 


CHANNEL 
SELECT 
SEE t.40DE REGISTER I 


TARGET 
BUS 
SIZE 


REQUESTER 
BUS 
SIZE 


Bus Size Encoding: 


00 
~ 
Reserved 
by Intel 
10 ~ 
16-bit 
Bus 


01 
~ 
32-bil 
Bus 
11 ~ 
B-bit Bus 


Port Addresses-Channels 
0-3-Q019H 


Channels 
4-7-QOD9H 


CHANNEL 
SELECT 
SEE MODE REGISTER I 


CHAINING 
ENABLE 
BIT 
o = DISABLE 
CHAINING 
MODE 


1 = ENABLE 
CHAINING 
MODE 


3.8 8237 A Compatibility 


The 
register 
arrangement 
of the 82380 
DMA Con- 


troller 
is a superset 
of the 8237 A DMA Controller. 


Functionally 
the 82380 DMA Controller 
is very differ- 


ent 
from 
the 
8237 A. Most 
of the 
functions 
of the 


8237 A are performed 
also by the 82380. The follow- 


ing discussion 
points 
out the 
differences 
between 


the 8237 A and the 82380. 


The 8237 A is limited 
to transfers 
between 
I/O 
and 


memory only (except 
in one special case, where two 


channels 
can be used to perform 
memory-to-memo- 


ry transfers). 
The 82380 DMA Controller 
can transfer 


between 
any combination 
of memory 
and I/O. Sev- 


eral other 
features 
of the 8237 A are enhanced 
or 


expanded 
in the 82380 
and other features 
are add- 


ed. 


The 
8237 A is an 8-bit 
only 
DMA device. 
For pro- 


gramming 
compatibility, 
all of the 8-bit registers 
are 


preserved 
in the 82380. 
The 82380 
is programmed 


via 
8-bit 
registers. 
The 
address 
registers 
in 
the 


82380 
are 32-bit 
registers 
in order 
to support 
the 


CHANNEL 
0 (4) 
BASE 
EMPlY 


CHANNEL 
1 (5) 
BASE 
EMPlY 


CHANNEL 
2 (6) 
BASE 
EMPlY 


CHANNEL 
3 (7) 
BASE 
EMPlY 


80386's 
32-bit 
bus. The 
Byte 
Count 
Registers 
are 


24-bit 
registers, 
allowing 
support 
of 
larger 
data 


blocks 
than possible 
with the 8237 A. 


All of the 8237 A's operating 
modes 
are supported 


by the 82380 
(except 
the cumbersome 
two-channel 


memory-to-memory 
transfer). 
The 
82380 
performs 


memory-to-memory 
transfers 
using only 
one chan- 


nel. The 
82380 
has the 
added 
features 
of buffer 


pipelining 
(Buffer 
Chaining 
Process), 
programmable 


priority 
levels, and Byte Assembly. 


The 82380 
also adds the feature 
of address 
regis- 


ters for both destination 
and source. These address- 


es may be incremented, 
decremented, 
or held con- 


stant, as required 
by the application 
of the individual 


channel. 
This allows any combination 
of destination 


and source 
device. 


Each DMA channel 
has associated 
with it a Target 


and a Requester. 
In the 
8237A, 
the Target 
is the 


device which can be accessed 
by the address 
regis- 


ter, the Requester 
is the device 
which 
is accessed 


by the DMA Acknowledge 
signals 
and must 
be an 


I/O device. 


4.0 
Programmable 
Interrupt 
Controller 


4.1 
Functional Description 


The 82380 Programmable Interrupt Controller (PIC) 
consists of three enhanced 82C59A Interrupt Con- 
toilers. These three controllers together provide 15 
external and 5 internal interrupt request inputs. Each 
external request input can be cascaded with an ad- 
ditional 82C59A slave collector. This scheme allows 
the 82380 to support a maximum of 120 (15 x 8) 
external interrupt request inputs. 


Following one or more interrupt requests, the 82380 
PIC issues an interrupt signal to the 80386. When 
the 80386 host processor responds with an interrupt 
acknowledge signal, the PIC will arbitrate between 
the pending interrupt requests and place the inter- 
rupt vector associated with the highest priority pend- 
ing request on the data bus. 


The major enhancement in the 82380 PIC over the 
82C59A is that each of the interrupt request inputs 


can be individually programmed with its own inter- 
rupt vector, allowing more flexibility in interrupt vec- 
tor mapping. 


4.1.1 INTERNAL 
BLOCK 
DIAGRAM 


The block diagram of the 82380 Programmable In- 
terrupt Controller is shown in Figure 4-1. Internally, 
the PIC consists of three 82C59A banks: A, Band C. 
The three banks are cascaded to one another: C is 
cascaded to B, B is cascaded to A. The INT output 
of Bank A is used externally to interrupt the 80386. 


Bank A has nine interrupt request inputs (two are 
unused), and Banks Band 
C have eight interrupt 


request inputs. Of the fifteen external interrupt re- 
quest inputs, two are shared by other functions. Spe- 
cifically, the Interrupt Request 3 input (IRQ3#) can 
be used as the Timer 2 output (TOUT2#). This pin 
can be used in three different ways: IRQ3# input 
only, TOUT2# 
output only, or using TOUT2# 
to 


generate an IRQ3# interrupt request. Also, the In- 
terrupt Request 9 input (IRQ 9#) can be used as 
DMA Request 4 input (DREQ4). Typically, only 
IRQ9# or DREQ4 can be used at a time. 


IRQ16# 
0 
IRQ17# 
1 
IRQ1S# 
2 
INTERRUPT 
IRQ19# 
3 
BANK 
INT 
IRQ20# 
4 
C 
IRQ21# 
5 
IRQ22# 
6 
IRQ23# 
7 


TOUTO# (IRQS#) 
OREQo4/IRQ9# 
(IRQ10#) 
IRQll# 
IRQ12# 
IRQ13# 
IRQ104# 
IRQ15# 


TOUT3# (IROO#) 
CHAINING (IROl #) 
ICW2 (IRO 1.5#) 
(IR02#) 
TOUT2#/IRQ3# 
SW Req TC (lROo4#) 
NOT USED 
NOT USED 
OEFAULT (IR07#) 


o 
1 
2 
3 
INTERRUPT 
INT 
4 
BANK 
5 
B 
6 
7 


o 
1 
1.5 


2 
INTERRUPT 
3 
BANK 
4 
A 
5 
6 
7 


All three banks are identical, with the exception of 
the IRQ1.5 on Bank A. Therefore, only one bank will 
be discussed. In the 82380 PIC,all external requests 
can be cascaded into and each interrupt controller 
bank behaves like a master. As compared to the 
82C59A, the enhancements in the banks are: 
- 
All interrupt vectors are individually programma- 
ble. (In the 82C59A, the vectors must be pro- 
grammed in eight consecutive interrupt vector lo- 
cations.) 


IRQOH 
IRQ1H 
IRQ2H 
IRQJH 
IRQ4H 
IRQ5H 
IRQ6H 
IRQ7H 


- 
The cascade address is provided on the Data 
Bus (00-07). 
(In the 82C59A, three dedicated 


control signals (CASO,CAS1, CAS2) are used for 
master/slave cascading.) 


The block diagram of a bank is shown in Figure 4-2. 
As can be seen from this figure, the bank consists of 
six major blocks: the Interrupt Request Register 
(IRR), the In-Service Register (ISR), the Interrupt 
Mask Register (IMR), the Priority Resolver (PR), the 
Vector Register (VR), and the Control Logic. The 
functional description of each block follows. 


IN- 
SERVICE 
REG. 


IRQO 


IRQl 


IRQ2 


IRQJ 


IRQ4 


IRQ5 


IRQ6 


IRQ7 


INDIVIDUAllY 
PROGRAMMABLE 
VECTOR BANK 


inter 


INTERRUPT REQUEST (IRR) AND IN·SERVICE 
REGISTER (ISR) 


~he interrupts at the Interrupt Request (IRQ) input 
lines are handled by two registers in cascade, the 
Interrupt Request Register (IRR) and the In-Service 
Register (ISR). The IRR is used to store all interrupt 
levels which are requesting service; and the ISR is 
used to store all interrupt levels which are being 
serviced. 


This logic block determines the priorities of the bits 
set in the IRA. The highest priority is selected and 
strobed into the corresponding bit of the ISR during 
an Interrupt Acknowledge cycle. 


The IMR stores the bits which mask the interrupt 
lines to be masked (disabled). The IMR operates on 
the IRA. Masking of a higher priority input will not 
affect the interrupt request lines of lower priority. 


This block contains a set of Vector Registers one 
for each interrupt request line, to store the pr~-pro- 
wammed interrupt vector number. The correspond- 
Ing vector number will be driven onto the Data Bus 
of the 82380 during the Interrupt Acknowledge cy- 
cle. 


The Control Logic coordinates the overall operations 
of the other internal blocks within the same bank. 
This logic will drive the Interrupt Output signal (INT) 
HIGH ~hen one or more unmasked interrupt inputs 
are active (LOW). The INT output signal goes direct- 
ly to the 80386 (in Bank A) or to another bank to 
w~ich t~is b~nk is cascaded (see Figure 4-1). Also, 
thiS log!c will recognize an Interrupt Acknowledge 
c~cle (via M/IO#, 
D/C# 
and W/R# 
signals). During 


thiS bus cycle, the Control Logic will enable the cor· 
responding Vector Register to drive the interrupt 
vector onto the Data Bus. 


In Bank A, the Control Logic is also responsible for 
handling the special ICW2 interrupt request input 
(IRQ1.5#). 


There are 15 external Interrupt Request inputs and 5 
internal Interrupt Requests. The external request in- 
puts are: IRQ3#, IRQ9#, IRQ11# to IRQ23#. They 
are shown in bold arrows in Figure 4-1. AI" IRQ in- 
puts are active LOW and they can be programmed 
(via a control bit in the Initialization Command Word 
1 (ICW1»)to be either edge-triggered or level-trig- 
gered. In order to be recognized as a valid interrupt 
request, the interrupt input must be active (LOW) 
during the first INTA cycle (see Bus Functional De- 
scription). Note that all 15 external Interrupt Request 
inputs have weak internal pull-up resistors. 


As mentioned earlier, an 82C59A can be cascaded 
to each external interrupt input to expand the inter- 
rupt capacity to a maximum of 120 levels. Also, two 
of the interrupt inputs are dual functions: IRQ3# can 
be used as Timer 2 output (TOUT2#) and IRQ9# 
can be used as DREQ4 input. IRQ3# is a bidirec- 
tional dual function pin. This interrupt request input is 
wired-OR with the output of Timer 2 (TOUT2#). If 
only IRQ3# function is to be used, Timer 2 should 
be programmed so that OUT2 is LOW. Note that 
TOUT2# can also be used to generate an interrupt 
request to IRQ3# input. 


The five internal interrupt requests serve special 
system functions. They are shown in Table 4-1. The 
following paragraphs describe these interrupts. 


Table 4-1. 82380 Internal Interrupt 
Requests 


Interrupt 
Request 
Interrupt 
Source 


IRQO# 
Timer 3 Output (TOUT3#) 


IRQ8# 
Timer 0 Output (TOUTO#) 


IRQ1# 
DMA Chaining Request 


IRQ4# 
DMA Terminal Count 


IRQ1.5# 
ICW2Written 


IRQ8# and IRQO# interrupt requests are initiated 
by the output of Timers 0 and 3, respectively. Each 
o~these reque.stsis generated by an edge-detector 
flip-flop. The flip-flops are activated by the following 
conditions: 


Set- 
Rising edge of timer output (TOUT); 


Clear- 
Interrupt acknowledge for this request; 
OR Request is masked (disabled); OR 
Hardware Reset. 


inter 


These interrupt requests are generated by the 
82380 
DMA 
Controller. 
The 
chaining 
request 
(IRQ1#) indicates that the DMA Base Register is 
not loaded. The Terminal Count request (IRQ4#) in- 
dicates that a software DMA request was cleared. 


Whenever an Initialization Control Word 2 (ICW2) is 
written to a Bank, a special ICW2 interrupt request is 
generated. The interrupt will be cleared when the 
newly programmed ICW2 Register is read. This in- 
terrupt request is in Bank A at level 1.5. This inter- 
rupt request is internally ORed with the Cascaded 
Request from Bank B and is always assigned a high- 
er priority than the Cascaded Request. 


This special interrupt is provided to support compati- 
bility with the original 82C59A. A detailed description 
of this interrupt is discussed in the Programming 
section. 


During an Interrupt Acknowledge cycle, if there is no 
active pending request, the PIC will automatically 


PREVIOUS 
CYCLE 


T2 


MjIO# 
D/C# 
W/R# 


generate a default vector. This vector corresponds 
to the IRQ7# vector in Bank A. 


4.2.2 INTERRUPT 
OUTPUT 
(INT) 


The INT output pin is taken directly from bank A. 
This signal should be tied to the Maskable Interrupt 
Request (INTR) of the 80386. When this signal is 
active (HIGH), it indicates that one or more internal/ 
external interrupt requests are pending. The 80386 
is expected to respond with an interrupt acknowl- 
edge cycle. 


4.3 
Bus Functional Description 


The INT output of bank A will be activated as a result 
of any unmasked interrupt request. This may be a 
non-cascaded or cascaded request. After the PIC 
has driven the INT signal HIGH, 80386 will respond 
by performing two interrupt acknowledge cycles. 
The timing diagram in Figure 4-3 shows a typical in- 
terrupt acknowledge process between the 82380 
and the 80386 CPU. 


INTERRUPTACKNOWLEDGE 
CYCLE2 
(5 WAIT STATES) 


T1 
T2 
T2 
T2 
T2 
T2 
T2 


SEE NOTE 
I 
I 
290128-51 


NOTE: 
What 
is actually 
driven on the Data Bus depends 
on if the current 
interrupt 
request 
is a Slave 
Request. 


NON·SLAVE 
REQUEST 


SLAVE 
REQUEST 


•Slave will place a vector at this time. 


INTACycle 1 
OOH 
Slave Address 


INTACycfe2 
Vector 
High Impedance" 


intJ 


After activating the INT signal, the 82380 monit~rs 
the status lines (M/IO#, 
D/C#, 
W/R#) 
and walts 


for the 80386 to initiate the first interrupt acknowl- 
edge cycle. In the 80386 environment, two succes- 
sive interrupt acknowledge cycles ((NTA) marked by 
M/IO# 
= 
LOW, D/C# 
= 
LOW, and W/R# 
= 


LOW are performed. During the first INTA cycle, the 
PIC will determine the highest priority request. As- 
suming this interrupt input has no ext~rnal. Slave 
Controller cascaded to it, the 82380 will drive the 
Data Bus with OOHin the first INTA cycle. During the 
second INTA cycle, the 82380 PIC will drive the 
Data Bus with the corresponding preprogrammed in- 
terrupt vector. 


If the PIC determines (from the ICW3) that this inter- 
rupt input has an external Slave Controller cascaded 
to it it will drive the Data Bus with the specific Slave 
Cas~ade Address (instead of OOH)during the first 
INTA cycle. This Slave Cascade Address is the pre- 
programmed content in the corresponding Vector 
Register. This means that no Slave Address should 
be chosen to be OOH.Note that the Slave Address 
and Interrupt Vector are different interpretations of 
the same thing. They are both the contents of the 
programmable Vector Register. During the second 
INTA cycle, the Data Bus will be floated so that the 
external Slave Controller can drive its interrupt vec- 
tor on the bus. Since the Slave Interrupt Controller 
resides on the system bus, bus transceiver enable 
and direction control logic must take this into consid- 
eration. 


In order to have a successful interrupt service, the 
interrupt request input must be held active (LOW) 
until the beginning of the first interrupt acknowledge 
cycle. If there is no pending interrupt requ~st when 
the first INTA cycle is generated, the PIC will gener- 
ate a default vector, which is the IRQ? vector (bank 
A level?). 


According to the Bus Cycle definition of the 80386, 
there will be four Bus Idle States between the two 
interrupt acknowledge cycles. These idle bus cycles 
will be initiated by the 80386. Also, during each inter- 
rupt acknowledge cycle, the internal Wait State Gen- 
erator of the 82380 will automatically generate the 
required number of wait states for internal delays. 


4.4 Mode of Operation 


A variety of modes and commands are available for 
controlling the 82380 PIC. All of them are program- 
mable; that is, they may be changed dynamically un- 
der software control. In fact, each bank can be pro- 
grammed individually to operate in different modes. 
With these modes and commands, many possible 


configurations 
are conceivable, 
giving the 
user 


enough versatility for almost any interrupt controlled 
application. 


This section is not intended to show how the 82380 
PIC can be programmed. Rather, it describes the 
operation in different modes. 


4.4.1 ENO-oF-INTERRUPT 


Upon completion of an interrupt service routine, the 
interrupted bank needs to be notified so its ISR can 
be updated. This allows the PIC to keep track. of 
which interrupt levels are in the process of being 
serviced and their relative priorities. Three different 
End-Of-Interrupt (EOI) formats are available. They 
are: Non-Specific EOI Command, Specific EOI Com- 
mand, and Automatic EOI Mode. Selection of which 
EOI to use is dependent upon the interrupt opera- 
tions the user wishes to perform. 


If the 82380 is NOT programmed in the Automatic 
EOI Mode, an EOI command must be issued by the 
80386 to the specific 82380 PIC Controller Bank. 
Also, if this controller bank is cascaded to another 
internal bank, an EOI command must also be sent to 
the bank to which this bank is cascaded. For exam- 
ple, if an interrupt request of Bank C in the 82380 
PIC is serviced, an EOI should be written into Bank 
C, Bank B and Bank A. If the request comes from an 
external interrupt controller cascaded to Bank C, 
then an EOI should be written into the external con- 
troller as well. 


A Non-Specific EOI command sent from the 80386 
lets the 82380 PIC bank know when a service rou- 
tine has been completed, without specification of its 
exact interrupt level. The respective interrupt bank 
automatically determines the interrupt level and re- 
sets the correct bit in the ISR. 


To take advantage of the Non-Specific EOI, the in- 
terrupt bank must be in a mode of operation in which 
it can predetermine its in-service routine levels. For 
this reason, the Non-Specific EOI command should 
only be used when the most recent level acknowl- 
edged and serviced is always the highest priority lev- 
el (i.e., in the Fully Nested Mode structure to be de- 
scribed below). When the interrupt bank receives a 
Non-Specific EOI command, it simply resets the 
highest priority ISR bit to indicate that the highest 
priority routine in service is finished. 


Special consideration should be taken when decid- 
ing to use the Non-Specific EOI command. Here are 
two operating conditions in which it is best NOT 


used since the Fully Nested Mode structure will be 
destroyed: 
- 
Using the Set Priority command within an inter- 
rupt service routine. 
- 
Using a Special Mask Mode. 


These conditions are covered in more detail in their 
own sections, but are listed here for reference. 


Unlike a Non-Specific EOI command which automat- 
ically resets the highest priority ISR bit, a Specific 
EOI command specifies an exact ISR bit to be reset. 
Anyone of the IRQ levels of an interrupt bank can 
be specified in the command. 


The Specific EOI command is needed to reset the 
ISR bit of a completed service routine whenever the 
interrupt bank is not able to automatically determine 
it. The Specific EOI command can be used in all 
conditions of operation, including those that prohibit 
Non-Specific 
EOI 
command 
usage 
mentioned 


above. 


When programmed in the Automatic EOI Mode, the 
80386 no longer needs to issue a command to notify 
the interrupt bank it has completed an interrupt rou- 
tine. The interrupt bank accomplishes this by per- 
forming a Non-Specific EOI automatically at the end 
of the second INTA cycle. 


Special consideration should be taken when decid- 
ing to use the Automatic EOI Mode because it may 
disturb the Fully Nested Mode structure. In the Auto- 
matic EOI Mode, the ISR bit of a routine in service is 
reset right after it is acknowledged, thus leaving no 
designation in the ISR that a service routine is being 
executed. If any interrupt request within the same 
bank occurs during this time and interrupts are en- 
abled, it will get serviced regardless of its priority. 


Therefore, when using this mode, the 80386 should 
keep its interrupt request input disabled during exe- 
cution of a service routine. By doing this, higher pri- 
ority interrupt levels will be serviced only after the 
completion of a routine in service. This guideline re- 
stores the Fully Nested Mode structure. However, in 
this scheme, a routine in service cannot be interrupt- 
ed since the host's interrupt request input is dis- 
abled. 


The 82380 PIC provides various methods for arrang- 
ing the interrupt priorities of the interrupt request in- 
puts to suit different applications. The following sub- 
sections explain these methods in detail. 


4.4.2.1 
Fully Nested 
Mode 


The Fully Nested Mode of operation is a general pur- 
pose priority mode. This mode supports a multi-level 
interrupt structure in which all of the Interrupt Re- 
quest (IRQ) inputs within one bank are arranged 
from highest to lowest. 


Unless otherwise programmed, the Fully Nested 
Mode is entered by default upon initialization. At this 
time, IRQO# is assigned the highest priority (priority 
= 0) and IRQ7# the lowest (priority = 7). This de- 
fault priority can be changed, as will be explained 
later in the Rotating Priority Mode. 


When an interrupt is acknowledged, the highest pri- 
ority request is determined from the Interrupt Re- 
quest Register (IRR) and its vector is placed on the 
bus. In addition, the corresponding bit in the In-Serv- 
ice Register (ISR) is set to designate the routine in 
service. This ISR bit will remain set until the 80386 
issues an End Of Interrupt (EOI) command immedi- 
ately before returning from the service routine; or 
alternately, if the Automatic End Of Interrupt (AEOI) 
bit is set, the ISR bit will be reset at the end of the 
second INTA cycle. 


inter 


While the ISR bit is set, all further interrupts of the 
same or lower priority are inhibited. Higher level in- 
terrupts can still generate an interrupt, which will be 
acknowledged only if the 80386 internal interrupt en- 
able flip-flop has been re-enabled (through software 
inside the current service routine). 


4.4.2.2 Automatic Rotation-Equal 
Priority 


Devices 


Automatic rotation of priorities serves in applications 
w~e~e th~ interrupting devices are of equal priority 
Withinan Interrupt bank. In this kind of environment, 
once a device is serviced, all other equal priority pe- 
ripherals should be given a chance to be serviced 
before the original device is serviced again. This is 
accomplished by automatically assigning a device 
the lowest priority after being serviced. Thus, in the 
worst case, the device would have to wait until all 
other peripherals connected to the same bank are 
serviced before it is serviced again. 


There are two methods of accomplishing automatic 
rotation. One is used in conjunction with the Non- 
Specific EOI command and the other is used with 


the Automatic EOI mode. These two methods are 
discussed below. 


When the Rotate On Non-Specific EOI command is 
issued, the highest ISR bit is reset as in a normal 
Non-Specific EOI command. However, after it is re- 
set, the corresponding Interrupt Request (IRQ) level 
is assigned the lowest priority. Other IRQ priorities 
rotate to conform to the Fully Nested Mode based 
on the newly assigned low priority. 


Figure 4-4 shows how the Rotate On Non-Specific 
EOI command affects the interrupt priorities. As- 
sume the IRQ priorities were assigned with IRQOthe 
highest and IRQ? the lowest. IRQ6 and IRQ4 are 
already in service but neither is completed. Being 
the higher priority routine, IRQ4 is necessarily the 
routine being executed. During the IRQ4 routine, a 
rotate on Non-Specific EOI command is executed. 
When this happens, Bit 4 in the ISR is reset. IRQ4 
then becomes the lowest priority and IRQ5 becomes 
the highest. 


ISR STATUS 


PRIORITY 


(BEFORE 
COMMAND) 


ISR STATUS 


PRIORITY 


(AFTER 
COMMAND) 
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The 
Rotate 
On Automatic 
EOI Mode 
works 
much 


like the Rotate On Non-Specific 
EOI Command. 
The 


main difference 
is that priority rotation 
is done auto- 


matically 
after the second 
INTA cycle of an interrupt 


request. 
To enter or exit this mode, a Rotate-On-Au- 


tomatic-EOI 
Set Command 
and Rotate-On-Automat- 
ic-EOI Clear Command 
is provided. 
After this mode 


is entered, 
no other commands 
are needed as in the 


normal 
Automatic 
EOI Mode. 
However, 
it must 
be 


noted 
again that when 
using any form of the Auto- 


matic 
EOI 
Mode, 
special 
consideration 
should 
be 


taken. The guideline 
presented 
in the Automatic 
EOI 


Mode also applies 
here. 


4.4.2.3 
Specific 
Rotatlon-Speclflc 
Priority 


Specific 
rotation 
gives the user versatile 
capabilities 


in interrupt 
controlled 
operations. 
It serves 
in those 


applications 
in which a specific 
device's 
interrupt 
pri- 
ority must be altered. 
As opposed 
to Automatic 
Ro- 


tation 
which 
will 
automatically 
set 
priorities 
after 
each interrupt 
request is serviced, 
specific 
rotation 
is 


completely 
user controlled. 
That is, the user selects 


which 
interrupt 
level is to receive 
the lowest 
or the 


highest 
priority. 
This can be done 
during 
the main 


program 
or within interrupt 
routines. 
Two specific 
ro- 
tation commands 
are available 
to the user: Set Prior- 
ity Command 
and 
Rotate 
On 
Specific 
EOI 
Com- 


mand. 


The Set Priority Command 
allows the programmer 
to 


assign 
an IRQ level the lowest 
priority. 
All other 
in- 


terrupt 
levels will conform 
to the Fully Nested 
Mode 


based on the newly assigned 
low priority. 


The Rotate 
On Specific 
EOI Command 
is literally 
a 


combination 
of the Set Priority 
Command 
and the 


Specific 
EOI Command. 
Like the Set Priority 
Com- 


mand, a specified 
IRQ level is assigned 
lowest priori- 


ty. Like the Specific 
EOI Command, 
a specified 
level 


will be reset in the ISA. Thus, this command 
accom- 


plishes 
both tasks in one single command. 


4.4.2.4 
Interrupt 
Priority 
Mode Summary 


In order to simplify 
understanding 
the many modes 


of interrupt 
priority, Table 4-2 is provided 
to bring out 


their summary 
of operations. 


Interrupt 
Operation 
Effect On Priority After EOI 
Priority 
Mode 
Summary 
Non-Speclflcl 
Automatic 
Specific 


Fully-Nested 
Mode 
IRQO#-Highest 
Priority 
No change 
in priority. 
Not Applicable. 
IRQ? # -Lowest 
Priority 
Highest ISR bit is reset. 


Automatic 
Rotation 
Interrupt 
level just serviced 
Highest ISR bit is reset and the 
Not Applicable. 


(Equal Priority Devices) 
is the lowest priority. Other 
corresponding 
level becomes 
the 


priorities 
rotate to conform 
lowest priority. 
to Fully-Nested 
Mode. 


Specific 
Rotation 
User specifies 
the lowest 
Not Applicable. 
As described 
under 
(Specific 
Priority 
priority level. Other priorities 
'Operation 
Summary'. 


Devices) 
rotate to conform 
to Fully- 
Nested Mode. 


inter 


4.4.3 INTERRUPT 
MASKING 


VIA INTERRUPT MASK REGISTER 


Each bank in the 82380 PIC has an Interrupt Mask 
Register (IMR) which enhances interrupt control ca- 
pabilities. This IMR allows individual IRQ masking. 
When an IRQ is masked, its interrupt request is dis- 
abled until it is unmasked. Each bit in the 8-bit IMR 
disables one interrupt channel if it is set (HIGH). Bit 
o masks IRQO, Bit 1 masks IRQ1 and so forth. 
Masking an IRQ channel will only disable the corre- 
sponding channel and does not affect the others op- 
erations. 


The IMR acts only on the output of the IRR. That is, 
if an interrupt occurs while its IMR bit is set, this 
request is not 'forgotten'. Even with an IRQ input 
masked, it is still possible to set the IRA. Therefore, 
when the IMR bit is reset, an interrupt request to the 
80386 will then be generated, providing that the IRQ 
request remains active. If the IRQ request is re- 
moved before the IMR is reset, the Default Interrupt 
Vector (Bank A, level 7) will be generated during the 
interrupt acknowledge cycle. 


In the Fully Nested Mode, all IRQ levels of lower 
priority than the routine in service are inhibited. How- 
ever, in some applications, it may be desirable to let 
a lower priority interrupt request to interrupt the rou- 
tine in service. One method to achieve this is by 
using the Special Mask Mode. Working in conjunc- 
tion with the IMR, the Special Mask Mode enables 
interrupts from all levels except the level in service. 
This is usually done inside an interrupt service rou- 
tine by masking the level that is in service and then 
issuing the Special Mask Mode Command. Once the 
Special Mask Mode is enabled, it remains in effect 
until it is disabled. 


DATA BUS 
INTAI 


(FROM 
BUS 
CONTROLLER) 


4.4.4 EDGE OR LEVEL 
INTERRUPT 


TRIGGERING 


Each bank in the 82380 PIC can be programmed 
independently for either edge or level sensing for the 
interrupt request signals. Recall that all IRQ inputs 
are active LOW. Therefore, in the edge triggered 
mode, an active edge is defined as an input tran- 
sition from an inactive (HIGH) to active (LOW) state. 
The interrupt input may remain active without gener- 
ating another interrupt. During level triggered mode, 
an interrupt request will be recognized by an active 
(LOW) input, and there is no need for edge detec- 
tion. However, the interrupt request must be re- 
moved before the EOI Command is issued, or the 
80386 must be disabled to prevent a second false 
interrupt from occurring. 


In either modes, the interrupt request input must be 
active (LOW) during the first INTA cycle in order to 
be recognized. Otherwise, the Default Interrupt Vec- 
tor will be generated at level 7 of Bank A. 


As mentioned previously, the 82380 allows for exter- 
nal Slave interrupt controllers to be cascaded to any 
of its external interrupt request pins. The 82380 PIC 
indicates that a external Slave Controller is to be 
serviced by putting the contents of the Vector Regis- 
ter associated with the particular request on the 
80386 Data Bus during the first INTA cycle (instead 
of OOHduring a non-slave service). The external log- 
ic should latch the vector on the Data Bus using the 
INTA status signals and use it to select the external 
Slave Controller to be serviced (see Figure 4-5). The 
selected Slave will then respond to the second INTA 
cycle and place its vector on the Data Bus. This 
method requires that if external Slave Controllers 


POSITIVE 
EDGE 


MASTER/SLAVE 
FLIP-FLOP 


OUT 


CAS(O-7) 
TO SLAVE 
8259's 


\....( 


LATCH 
HERE 


are used in the system, no vector should be pro- 
grammed to OOH. 


Since the external Slave Cascade Address is provid- 
ed on the Data Bus during INTA cycle 1, an external 
latch is required to capture this address for the Slave 
Controller. A simple scheme is depicted in Figure 
4-5. 


4.4.5.1 Special Fully Nested Mode 


This mode will be used where cascading is em- 
ployed and the priority is to be conserved within 
each Slave Controller. The Special Fully Nested 
Mode is similar to the 'regular' Fully Nested Mode 
with the following exceptions: 
- 
When an interrupt request from a Slave Control- 
ler is in service, this Slave Controller is not 
locked out from the Master's priority logic. Fur- 
ther interrupt requests from the higher priority 
logic within the Slave Controller will be recog- 
nized by the 82380 PIC and will initiate interrupts 
to the 80386. In comparing to the 'regular' Fully 
Nested Mode, the Slave Controller is masked out 
when its request is in service and no higher re- 
quests from the same Slave Controller can be 
serviced. 


- 
Before exiting the interrupt service routine, the 
software has to check whether the interrupt serv- 
iced was the only request from the Slave Con- 
troller. This is done by sending a Non-Specific 
EOI Command to the Slave Controller and then 
reading its In Service Register. If there are no 
requests in the Slave Controller, a Non-Specific 
EOI can be sent to the corresponding 82380 PIC 
bank also. Otherwise, no EOI should be sent. 


The 82380 PIC provides several ways to read differ- 
ent status of each interrupt bank for more flexible 
interrupt control operations. These include polling 
the highest priority pending interrupt request and 
reading the contents of different interrupt status reg- 
isters. 


4.4.6.1 Poll Command 


The 82380 PIC supports status polling operations 
with the Poll Command. In a Poll Command, the 


pending interrupt request with the highest priority 
can be determined. To use this command, the INT 
output is not used, or the 80386 interrupt is disabled. 
Service to devices is achieved by software using the 
Poll Command. 


This mode is useful if there is a routine command 
common to several levels so that the INTA se- 
quence is not needed. Another application is to use 
the Poll Command to expand the number of priority 
levels. 


Notice that the ICW2 mechanism is not supported 
for the Poll Command. However, if the Poll Com- 
mand is used, the programmable Vector Registers 
are of no concern since no INTA cycle will be gener- 
ated. 


4.4.6.2 Reading Interrupt Registers 


The contents of each interrupt register (IRR, ISR, 
and IMR) can be read to update the user's program 
on the present status of the 82380 PIC. This can be 
a versatile tool in the decision making process of a 
service routine, giving the user more control over 
interrupt operations. 


The reading of the IRR and ISR contents can be 
performed via the Operation Control Word 3 by us- 
ing a Read Status Register Command and the con- 
tent of IMR can be read via a simple read operation 
of the register itself. 


4.5 Register Set Overview 


Each bank of the 82380 PIC consists of a set of 8-bit 
registers to control its operations. The address map 
of all the registers is shown in Table 4-3. Since all 
three register sets are identical in functions, only 
one set will be described. 


Functionally, each register set can be divided into 
five groups. They are: the four Initialization Com- 
mand Words (ICW's), the three Operation Control 
Words (OCW's), the PolI/lnterrupt Request/In-Serv- 
ice Register, the Interrupt Mask Register, and the 
Vector Registers. A description of each group fol- 
lows. 


Port 
Access 
Register Description 
Address 


20H 
Write 
Bank B ICW1, OCW2, or OCW3 
Read 
Bank B Poll, Request or In-Service 
Status Register 
21H 
Write 
Bank B ICW2, ICW3, ICW4, OCW1 
Read 
Bank B Mask Register 


22H 
Read 
BankB 
ICW2 
28H 
Read/Write 
IRQ8 Vector Register 
29H 
Read/Write 
IRQ9 Vector Register 
2AH 
Read/Write 
Reserved 
2BH 
Read/Write 
IRQ11 Vector 
Register 
2CH 
Read/Write 
IRQ12 Vector Register 
20H 
Read/Write 
IRQ13 Vector Register 
2EH 
Read/Write 
IRQ14 Vector Register 
2FH 
Read/Write 
IRQ15 Vector Register 


AOH 
Write 
Bank C ICW1, OCW2, or OCW3 
Read 
Bank C Poll, Request 
or In-Service 
Status Register 
A1H 
Write 
Bank C ICW2, ICW3, ICW4, OCW1 
Read 
Bank C Mask Register 
A2H 
Read 
BankCICW2 
A8H 
Read/Write 
IRQ16 Vector Register 
A9H 
Read/Write 
IRQ1? Vector Register 
AAH 
Read/Write 
IRQ18 Vector Register 
r 


ABH 
Read/Write 
IRQ19 Vector Register 
ACH 
Read/Write 
IRQ20 Vector Register 
AOH 
Read/Write 
IRQ21 Vector Register 
AEH 
Read/Write 
IRQ22 Vector Register 
AFH 
Read/Write 
IRQ23 Vector Register 


30H 
Write 
Bank A ICW1, OCW2, or OCW3 
Read 
Bank A Poll, Request 
or In-Service 
Status Register 
31H 
Write 
Bank A ICW2, ICW3, ICW4, OCW1 
Read 
Bank A Mask Register 
32H 
Read 
Bank ICW2 
38H 
Read/Write 
IRQO Vector Register 
39H 
Read/Write 
IRQ1 Vector Register 
3AH 
Read/Write 
IRQ1.5 Vector Register 
3BH 
Read/Write 
IRQ3 Vector 
Register 
3CH 
Read/Write 
IRQ4 Vector 
Register 
30H 
Read/Write 
Reserved 
3EH 
Read/Write 
Reserved 
3FH 
Read/Write 
IRQ? Vector 
Register 
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Before normal operation can begin, the 82380 PIC 
must be brought to a known state. There are four 
8-bit Initialization Command Words in each interrupt 
bank to setup the necessary conditions and modes 
for proper operation. Except for the second common 
word (ICW2)which is a read/write register, the other 
three are write-only registers. Without going into de- 
tail of the bit definitions of the command words, the 
following subsections give a brief description of what 
functions each command word controls. 


The ICW1 has three major functions. They are: 
- 
To select between the two IRQ input triggering 
modes (edge-or level-triggered); 
- 
To designate whether or not the interrupt bank is 
to be used alone or in the cascade mode. If the 
cascade mode is desired, the interrupt bank will 
accept ICW3 for further cascade mode program- 
ming. Otherwise, no ICW3 will be accepted; 
- 
To determine whether or not ICW4will be issued; 
that is, if any of the ICW4 operations are to be 
used. 


ICW2 is provided for compatibility with the 82C59A 
only. Its contents do not affect the operation of the 
interrupt bank in any way. Whenever the ICW2 of 
any of the three banks is written into, an interrupt is 
generated from Bank A at level 1.5. The interrupt 
request will be cleared after the ICW2 register has 
been read by the 80386. The user is expected to 
program the corresponding vector register or to use 
it as an indicator that an attempt was made to alter 
the contents. Note that each ICW2 register has dif- 
ferent addresses for read and write operations. 


The interrupt bank will only accept an ICW3 if pro- 
grammed in the external cascade mode (as indicat- 
ed in ICW1). ICW3 is used for specific programming 
within the cascade mode. The bits in ICW3 indicate 
which interrupt request inputs have a Slave cascad- 
ed to them. This will subsequently affect the inter- 
rupt vector generation during the interrupt acknowl- 
edge cycles as described previously. 


The ICW4 is accepted only if it was selected in 
ICW1. This command word register serves two func- 
tions: 


- 
To select either the Automatic EOI mode or soft- 
ware EOI mode; 
- 
To select if the Special Nested mode is to be 
used in conjunction with the cascade mode. 


Once initialized by the ICW's, the interrupt banks will 
be operating in the Fully Nested Mode by default 
and they are ready to accept interrupt requests. 
However, the operations of each interrupt bank can 
be further controlled or modified by the use of 
OCW's. Three OCW's are available for programming 
various modes and commands. Note that all OCW's 
are 8-bit write-only registers. 


The modes and operations controlled by the OCW's 
are: 
- 
Fully Nested Mode; 
- 
Rotating Priority Mode; 


- 
Special Mask Mode; 


- 
Poll Mode; 
- 
EOI Commands; 
- 
Read Status Commands. 


OCW1 is used solely for masking operations. It pro- 
vides a direct link to the Interrupt Mask Register 
(IMR). The 80386 can write to this OCW register to 
enable or disable the interrupt inputs. Reading the 
pre-programmed mask can be done via the Interrupt 
Mask Register which will be discussed shortly. 


OCW2 is used to select End-Of-Interrupt, Automatic 
Priority Rotation, and Specific Priority Rotation oper- 
ations. Associated commands and modes of these 
operations are selected using the different combina- 
tions of bits in OCW2. 


Specifically, the OCW2 is used to: 
- 
Designate an interrupt level (0-7) to be used to 
reset a specific ISR bit or to set a specific priori- 
ty. This function can be enabled or disabled; 


- 
Select which software EOI command (if any) is to 
be executed (Le., Non-SpecifiCor Specific EOI); 


- 
Enable one of the priority rotation operations 
(Le., Rotate On Non-Specific EOI, Rotate On Au- 
tomatic EOI, or Rotate on Specific EOI). 


There are three main categories of operation that 
OCW3 controls. That are summarized as follows: 


- 
To select and execute the Read Status Register 
Commands, either reading the Interrupt Request 
Register (IRR) or the In-Service Register (ISR); 
- 
To issue the Poll Command. The Poll Command 
will override a Read Register Command if both 
functions are enabled simultaneously; 
- 
To set or reset the Special Mask Mode. 


4.5.3 POLL/INTERRUPT 
REQUEST /IN·SERVICE 
STATUS 
REGISTER 


As the name implies, this 8-bit read-only register has 
multiple functions. Depending on the command is- 
sued in the OCW3, the content of this register re- 
flects the result of the command executed. For a 
Poll Command, the register read contains the binary 
code of the highest priority level requesting service 
(if any). For a Read IRR Command, the register con· 
tent will show the current pending interrupt re- 
quest(s). Finally, for a Read ISR Command, this reg- 
ister will specify all interrupt levels which are being 
serviced. 


This is a read-only 8-bit register which, when read, 
will specify all interrupt levels within the same bank 
that are masked. 


Each interrupt request input has an 8-bit read/write 
programmable vector register associated with it. The 
registers should be programmed to contain the inter- 
rupt vector for the corresponding request. The con- 
tents of the Vector Register will be placed on the 
Data Bus during the INTA cycles as described previ- 
ously. 


4.6 
Programming 


Programming the 82380 PIC is accomplished by us- 
ing two 
types of 
command words: 
ICW's and 
OCW's. All modes and commands explained in the 
previous 
sections 
are 
programmable 
using the 
ICW's and OCW's. The ICW's are issued from the 
80386 in a sequential format and are used to setup 
the banks in the 82380 PIC in an initial state of oper- 
ation. The OCW's are issued as needed to vary and 
control the 82380 PIC's operations. 


Both ICW's and OeW's are sent by the 80386 to the 
interrupt banks via the Data Bus. Each bank distin- 
guishes between the different ICW's and OCW's by 
the I/O address map, the sequence they are issued 
(ICW's only), and by some dedicated bits among the 
ICW's and OCW's. 


All three interrupt banks are programmed in a similar 
way. Therefore, only a single bank will be described. 


Before normal operation can begin, each bank must 
be initialized by programming a sequence of two to 
four bytes written into the ICW's. 


Figure 4-6 shows the initialization flow for an inter- 
rupt bank. Both ICW1 and ICW2 must be issued for 
any form of operation. However, ICW3 and ICW4 are 
used only if designated in ICW1. Once initialized, if 
any programming changes within the ICW's are to 
be made, the entire ICW sequence must be repro- 
grammed, not just an individual ICW. 


Note that although the ICW2's in the 82380 PIC do 
not affect the Bank's operation, they still must be 
programmed in order to preserve the compatibility 
with the 82C59A. The contents programmed are not 
relevant to the overall operations of the interrupt 
banks. Also, whenever one of the three ICW2's is 
programmed, an interrupt level 1.5 in Bank A will be 
generated. This interrupt request will be cleared 
upon reading of the ICW2 registers. Since the three 
ICW2's share the same interrupt level and the sys- 
tem may not know the origin of the interrupt, all three 
ICW2's must be read. 


However, it is not necessary to provide an interrupt 
service routine for the ICW2 interrupt. One way to 
avoid this is as follows. At the beginning of the initial- 
ization of the interrupt banks, the 80386 interrupt 
should be disabled. After each ICW2 register write 
operation is performed during the initialization, the 
corresponding ICW2 register is read. This read oper- 
ation will clear the interrupt request of the 82380. At 
the end of the initialization, the 80386 interrupt is re- 
enabled. With this method, the 80386 will not detect 
the ICW2interrupt request, thus eliminating the need 
of an interrupt service routine. 


Certain internal setup conditions occur automatically 
within the interrupt bank after the first ICW (ICW1) 
has been issued. There are: 
- 
The edge sensitive circuit is reset, which means 
that following initialization, an interrupt request 
input must make a HIGH-to-LOW transition to 
generate an interrupt; 
- 
The Interrupt Mask Register (IMR) is cleared; 
that is, all interrupt inputs are enabled; 


- 
IRQ7 input of each bank is assigned priority 7 
(lowest); 


- 
Special Mask Mode is cleared and Status Read 
is set to IRR; 
- 
If no ICW4 is needed, then no Automatic-EOI is 
selected. 


inter 


(ALLOW 
SERVICING 
OF ICW2 INTERRUPT) 


Figure 4-6. Initialization 
Sequence 


4.6.3 OPERATION 
CONTROL 
WORDS 
(OCW) 


Each interrupt request input has a separate Vector 
Register. These Vector Registers are used to store 
the pre-programmed vector number corresponding 
to their interrupt sources. In order to guarantee prop- 
er interrupt handling, all Vector Registers must be 
programmed with the predefined vector numbers. 
Since an interrupt request will be generated whenev- 
er an ICW2 is written during the initialization se- 
quence, it is important that the Vector Register of 
IRQ1.5 in Bank A should be initialized and the inter- 
rupt service routine of this vector is set up before the 
ICW's are written. 


After the ICW's are programmed, the operations of 
each interrupt controller bank can be changed by 
writing into the DCW's as explained before. There is 
no special programming sequence required for the 
DCW's. Any DCW may be written at any time in or- 
der to change the mode of or to perform certain op- 
erations on the interrupt banks. 


4.6.3.1 Read Status and Poll Commands 
(OCW3) 


Since the reading of IRR and ISR status as well as 
the result of a Poll Command are available on the 


inter 


same read-only Status Register, a special Read 
Status/Poll Command must be issued before the 
Poll/Interrupt Request/In-Service Status Register is 
read. This command can be specified by writing the 
required control word into OCW3. As mentioned ear· 
lier, if both the Poll Command and the Status Read 
Command are enabled simultaneously, the 
Poll 


Command will override the Status Read. That is, af- 
ter the command execution, the Status Register will 
contain the result of the Poll Command. 


Note that for reading IRR and ISR, there is no need 
to issue a Read Status Command to the OCW3 ev- 
ery time the IRR or ISR is to be read. Once a Read 


Status Command is received by the interrupt bank, it 
'remembers' which register is selected. However, 
this is not true when the Poll Command is used. 


In the Poll Command, after the OCW3 is written, the 
82380 PIC treats the next read to the Status Regis- 
ter as an interrupt acknowledge. This will set the ap- 
propriate IS bit if there is a request and read the 
priority level. Interrupt Request input status remains 
unchanged from the Poll Command to the Status 
Read. 


In addition to the above read commands, the Inter- 
rupt Mask Register (IMR) can also be read. When 
read, this register reflects the contents of the pre- 
programmed OCW1 which contains information on 
which interrupt request(s) is(are) currently disabled. 


0- 
EXTERNAL CASCADE 
(ICW3 
NEEDED) 
1 - 
NO EXTERNAL CASCADE 
(ICW3 
NOT NEEDED) 


CONTENT IS NOT RELEVANT TO THE ACTUAL 
OPERATION or THE BANK BUT CAN BE READ 
BY THE INTERRUPT SERVICE ROUTINE TO 
DETERt.lINE WHERE THE INTERRUPT VECTORS 
or EACH BANK START. 


INITIALIZATION 
COMMAND 
WORD 
3 (ICW3) 
ICW3 for Bank A: 


0- 
NO CASCADED REQUEST TO IRQn 
1 - THERE IS A CASCADED REQUEST 
CONNECTED TO IRQn (I. •• THE 
CORRESPONDING INTERRUPT 
REQUEST INPUTS) 


0 
0 
1 
NON-SPECifiC 
EOI CO••••••AND 
0 
1 
1 
SPECifiC 
EOI CO••••••AND 
1 
0 
1 
ROTATE ON NON-SPECifiC 
EOI 
1 
0 
0 
ROTATE ON AUTO-EOI 
"'ODE ~SET) 
0 
0 
0 
ROTATE ON AUTO-EOI 
"'ODE 
CLEAR) 
1 
1 
1 
ROTATE ON SPECIfiC 
EOI (L2-LO 
USED) 
1 
1 
0 
SET PRIORITY (L2-LO 
USED) 
0 
1 
0 
NO OPERATION 
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ESMM-Enable 
Special Mask Mode. When this bit is set to 1, it enables the SMM bit to set or reset the Special Mask 


Mode. When this bit is set to 0, SMM bit becomes don't care. 


SMM-Special 
Mask Mode. If ESMM = 1 and SMM = 1, the interrupt controller bank will enter Special Mask Mode. If 


ESMM = 1 and SMM = 0, the bank will revert to normal mask mode. When ESMM = 0, SMM has no effect. 


ES••••••S•••••• 
o 
0 
o 
1 
1 
0 
1 
1 


NO ACTION 
NO ACTION 
RESET SPECIAL "'ASK 
SET SPECIAL "'ASK 


RIS 
o 
NO ACTION 
1 
NO ACTION 
o 
READ IR REG. 


1 
READ IS REG. 


BINARY CODE Of 
THE HIGHEST PRIORITY 
LEVEL REQUESTING 


inter 


NOTE: 
Although 
all Interrupt 
Request 
inputs 
are active 
LOW, the internal 
logical 
will invert 
the state 
of the pins so that when 
there 
is a pending 
interrupt 
request 
at the input, the corresponding 
IRQ bit will be set to HIGH in the Interrupt 
Request 
Status 
register. 


IF" IS" BIT IS: 0 - NOT IN-SERVICE 


1 - REQUEST IS IN-SERVICE 
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For ease of reference, 
Table 4-4 gives a summary 
of the different 
operating 
modes and commands 
with their 
corresponding 
registers. 


Operational 
Command 
Bits 
Description 
Words 


Fully Nested Mode 
oCW-Default 
- 
Non-specific 
Eol Command 
OCW2 
Eol 
Specific 
Eol Command 
OCW2 
SL, Eol, 
Lo-L2 
Automatic 
Eol Mode 
ICW1,ICW4 
IC4,AEol 
Rotate On Non-Specific 
OCW2 
Eol 
EolCommand 
Rotate On Automatic 
OCW2 
R,SL, 
Eol 
Eol Mode 
Set Priority Command 
OCW2 
LO-L2 
Rotate On Specific 
OCW2 
R, SL, Eol 
Eol Command 
Interrupt 
Mask Register 


I 
~ 


oCW1 
MO-M7 
Special 
Mask Mode 
OCW3 
ESMM,SMM 
Level Triggered 
Mode 
ICW1 
LTIM 
Edge Triggered 
Mode 
ICW1 
LTIM 
Read Register 
Command, 
IRR 
OCW3 
RR, RIS 
Read Register 
Command, 
ISR 
OCW3 
RR, RIS 
Red IMR 
IMR 
MO-M7 
Poll Command 
OCW3 
P 
Special 
Fully Nested 
Mode 
ICW2,ICW4 
IC4, SFNM 


inter 


5.0 
PROGRAMMABLE 
INTERVAL 
TIMER 


5.1 
Functional Description 


The 82380 contains four independently Programma- 
ble Interval Timers: Timer 0-3. All four timers are 
functionally compatible to the Intel 82C54. The first 
three timers (Timer 0-2) 
have specific functions. 


The fourth timer, Timer 3, is a general purpose timer. 
Table 5-1 depicts the functions of each timer. A brief 
description of each timer's function follows. 


Table 5-1. Programmable 
Interval Timer Functions. 


Timer 
Output 
Function 


0 
IR08 
Event Based 
IR08 Generator 


1 
TOUT1/REF# 
Gen. Purpose/DRAM 
Refresh Req. 
2 
TOUT2#/IR03# 
Gen. Purpose/Speaker 
OutlIR03# 
3 
TOUT3# 
Gen. Purpose/I ROO 
Generator 


8- 
BIT 
~ 


INTERNAL BUS 


DATA BUFFER 
&: 


LOGIC 


CONTROL 
WORD 
REGISTERI 


CONTROL 
WORD 
REGISTERII 


Timer 0 is intended to be used as an Event Counter. 
The output of this timer will generate an Interrupt 
Request 8 (IR08) upon a rising edge of the timer 
output (TOUTO).Typically, this timer is used to im- 
plement a time-of-day clock or system tick. The Tim- 
er 0 output is not available as an external signal. 


TIMER 1- 
General Purpose/DRAM Refresh 
Request 


The output of Timer 1, TOUT1, can be used as a 
general purpose timer or as a DRAM Refresh Re- 
quest signal. The rising edge of this output creates a 
DRAM refresh request to the 82380 DRAM Refresh 
Controller. Upon reset, the Refresh Request func- 
tion is disabled, and the output pin is the Timer 1 
output. 


TIMER 2-General 
Purpose/Speake~ Out/IR03# 


The Timer 2 output, TOUT2#, could be used to sup- 
port tone generation to an external speaker. This pin 
is a bidirectional signal. When used as an input, a 
logic LOW asserted at this pin will generate an Inter- 
rupt Register 3 (IR03#) 
(see Programmable Inter- 


rupt Controller). 


REF ENABLE 
(INTERNAL) 


TOUT2#/IRQ3# 


TIMER 3-General 
Purpose/Interrupt Request 0 


Generator 


The output of Timer 3 is fed to an edge detector and 
generates an Interrupt Request 0 (IROO) in the 
82380. The inverted output of this timer (TOUT3#) 
is also available as an external signal for general 
purpose use. 


The functional block diagram of the Programmable 
Interval Timer section is shown in Figure 5-1. Follow- 
ing is a description of each block. 


This part of the Programmable Interval Timer is used 
to interface the four timers to the 82380 ihternal bus. 
The Data Buffer is for transferring commands and 
data between the 8-bit internal bus and the timers. 


The Read/Write Logic accepts inputs from the inter- 
nal bus and generates signals to control other func- 
tional blocks within the timer section. 


The Control Word Registers are write-only registers. 
They are used to control the operating modes of the 
timers. Control Word Register I controls Timers 0, 1 
and 2, and Control Word Register II controls Timer 
3. Detailed description of the Control Word Regis- 
ters will be included in the Register Set Overview 
section. 


COUNTER 0, COUNTER 1, 
COUNTER 2, COUNTER 3 


Counters 0, 1, 2, and 3 are the major parts of Timers 
0, 1, 2, and 3, respectively. These four functional 
blocks are identical in operation, so only a single 
counter will be described. The internal block dia- 
gram of one counter is shown in Figure 5-2. 


inter 


The four counters share a common clock input 
(CLKIN), but otherwise are fully independent. Each 
counter is programmable to operate in a different 
Mode. 


Although the Control Word Register is shown in the 
Figure 5-2, it is not part of the counter itself. Its pro- 
grammed contents are used to control the opera- 
tions of the counters. 


The Status Register, when latched, contains the cur- 
rent contents of the Control Word Register and 
status of the output and Null Count Flag (see Read 
Back Command). 


The Counting Element (CE) is the actual counter. It 
is a 16-bit presettable synchronous down counter. 


The Output Latches (OL) contain two 8-bit latches 
(OLM and OLL). Normally, these latches 'follow' the 
content of the CEoOLM contains the most signifi- 
cant byte of the counter and OLL contains the least 
significant byte. If the Counter Latch Command is 
sent to the counter, OL will latch the present count 
until read by the 80386 and then return to follow the 
CEoOne latch at a time is enabled by the timer's 
Control Logic to drive the internal bus. This is how 
the 16-bit Counter communicates over the 8-bit in- 
ternal bus. Note that CE cannot be read. Whenever 
the count is read, it is one of the OL's that is being 
read. 


When a new count is written into the counter, the 
value will be stored in the Count Registers (CR), and 
transferred to CEoThe transferring of the contents 
from CR's to CE is defined as 'loading' of the coun- 
ter. The Count Register contains two 8-bit registers: 
CRM (which contains the most significant byte) and 
CRL (which contains the least significant byte). Simi- 
lar to the OL's, the Control Logic allows one register 
at a time to be loaded from the 8-bit internal bus. 
However, both bytes are transferred from the CR's 
to the CE simultaneously. Both CR's are cleared 
when the Counter is programmed. This way, if the 
Counter has been programmed for one byte count 
(either the most significant or the ieast significant 
byte only), the other byte will be zero. Note that CE 
cannot be written into directly. Whenever a count is 
written, it is the CR that is being written. 


As-shown in the diagram, the Control Logic consists 
of three signals: CLKIN, GATE, and OUT. CLKIN 
and GATE will be discussed in detail in the section 
that follows. OUT is the internal output of the coun- 
ter. The external outputs of some timers (TOUT) are 
the inverted version of OUT (see TOUT1, TOUT2#, 
TOUT3#). The state of OUT depends on the mode 
of operation of the timer. 


CLKIN is an input signal used by all four timers for 
internal timing reference. This signal can be inde- 
pendent of the 82380 system clock, CLK2. In the 
following discussion, each 'CLK Pulse' is defined as 
the time period between a rising edge and a falling 
edge, in that order, of CLKIN. 


During the rising edge of CLKIN, the state of GATE 
is sampled. All new counts are loaded and counters 
are decremented on the falling edge of CLKIN. 


5.2.2 TOUT1, TOUT2#, TOUT3# 


TOUT1, TOUT2# 
and TOUT3# 
are the external 


output signals of Timer 1, Timer 2 and Timer 3, re- 
spectively. TOUT2# and TOUT3# are the inverted 
signals of their respective counter outputs, OUT. 
There is no external output for Timer O. 


If Timer 2 is to be used as a tone generator of a 
speaker, external buffering must be used to provide 
sufficient drive capability. 


The Outputs of Timer 2 and 3 are dual function pins. 
The output pin of Timer 2 (TOUT2#/IR03#), 
which 


is a bidirectional open-collector signal, can also be 
used as interrupt request input. When the interrupt 
function is enabled (through the Programmable In- 
terrupt Controller), a LOW on this input will generate 
an Interrupt Request 3# to the 82380 Programma- 
ble Interrupt Controller. This pin has a weak internal 
pull-up resistor. To use the IR03# function, Timer 2 
should be programmed so that OUT2 is LOW. Addi- 
tionally, OUT3 of Timer 3 is connected to an edge 
detector which will generate an Interrupt Request 0 
(IROO)to the 82380 after the rising edge of OUT3 
(see Figure 5-1). 


GATE is not an externally controllable signal. Rath- 
er, it can be software controlled with the Internal 
Control Port. The state of GATE is always sampled 
on the rising edge of CLKIN. Depending on the 
mode of operation, GATE is used to enable/disable 
counting or trigger the start of an operation. 


For Timer 0 and 1, GATE is always enabled (HIGH). 
For Timer 2 and 3, GATE is connected to Bit 0 and 
6, respectively, of an Internal Control Port (at ad- 
dress 61H) of the 82380. After a hardware reset, the 
state of GATE of Timer 2 and 3 is disabled (LOW). 


5.3 Modes of Operation 


Each timer can be independently programmed to 
operate in one of six different modes. Timers are 
programmed by writing a Control Word into the con- 
trol Word Register followed by an Initial Count (see 
Programming). 


T.hefollowing are defined for use in describing the 
different modes of operation. 


ClK Pulse-A 
rising edge, then a falling edge, in 


that order of ClKIN. 
Trigger-A 
rising edge of a timer's GATE input. 


Timer/Counter loading-The 
transfer·of a count 
from Count Register (CR)to Count Element (CE). 


5.3.1 MODE G-INTERRUPT 
ON TERMINAL 


COUNT 


Mode 0 is typically used for event counting. After the 
Control Word is written, OUT is initially lOW, and will 
remain lOW until the counter reaches zero. OUT 
then goes HIGH and remains HIGH until a new 
count or a new Mode 0 Control Word is written into 
the counter. 


In this mode, GATE = HIGH enables counting; 
GATE = lOW disables counting. However, GATE 
has no effect on OUT. 


After the Control Word and initial count are written to 
a timer, the initial count will be loaded on the next 
ClK pulse. This ClK pulse does not decrement the 
count, so.for an initial count of N, OUT does not go 
HIGH until N + 1 ClK pulses after the initial count is 
written. 


If a new count is written to the timer, it will be loaded 
on the next ClK pulse and counting will continue 


from the new count. If a two-byte count is written, 
the following happens: 
1. Writing the first byte disables counting, OUT is set 


lOW immediately (i.e., no ClK pulse required). 


2. Writing the second byte allows the new count to 


be loaded on the next ClK pulse. 


This allows the counting sequence to be synchroniz- 
ed by software. Again, OUT does not go HIGH until 
N + 1 ClK pulses after the new count of N is writ- 
ten. 


If an initial count is written while GATE is lOW, the 
counter will be loaded on the next ClK pulse. When 
GATE goes HIGH, OUT will go HIGH N ClK pulses 
later; no ClK pulse is needed to load the counter as 
this has already been done. 


5.3.2 MODE 1-GATE 
RETRIGGERABLE 


ONE-SHOT 


In this mode, OUT will be initially HIGH. OUT will go 
lOW on the ClK pulse following a trigger to start the 
one-shot operation. The OUT signal will then remain 
lOW until the timer reaches zero. At this point, OUT 
will stay HIGH until the next trigger comes in. Since 
the state of GATE signals of Timer 0 and 1 are inter- 
nally set to HIGH. 


After writing the Control Word and initial count, the 
timer is considered 'armed'. A trigger results in load- 
ing the timer and setting OUT lOW on the next ClK 
pulse. Therefore, an initial count of N will result in a 
one-shot pulse width of N ClK cycles. Note that this 
one-shot operation is retriggerable; i.e., OUT will re- 
main lOW for N ClK pulses after every trigger. The 
one-shot operation can be repeated without rewrit- 
ing the same count into the timer. 


If a new count is written to the timer during a one- 
shot operation, the current one-shot pulse width will 
not be affected until the timer is retriggered. This is 
because loading of the new count to CE will occur 
only when the one-shot is triggered. 


CW.10 
LSI.4 


WRITELJU 


CLK 


QATE 


OUT =:J 
I 


I 
N 
I 
N 
I N 
I 
N 
I 
0 
0 
0 
0 I 
0 


I 
~~ 
I 
FF 
4 
3 
2 
1 
0 
FE 


CW.10 
LSI.3 


WRITE LJU 


CLK 


QATE 


OUT :-=J 


I 
N 
I 
N 
I 
N 
I 
N 
I 
0 


I 
~ 
I 
~ 
I 
0 
0 
0 
FF 
3 
2 
1 
0 
FF 


WRITE 


CLK 


QATE 


OUT ==' 
I 


I 
N 
I 
N 
I 
N 
I 
N 
I 
0 
0 
0 
0 


I g 
I 
FF 
2 
1 
2 
1 
FF 
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NOTES: 
The following 
conventions 
apply to all mode timing 
diagrams. 


1. Counters 
are programmed 
for binary (not BCD) counting 
and for reading/writing 
least significant 
byte (LSB) only. 


2. The counter 
is always 
selected 
(CS always 
low). 
3. CW stands 
for "Control 
Word"; 
CW = 10 means 
a control 
word of 10. Hex is written 
to the counter. 


4. LSB stands 
for "least 
significant 
byte" 
of count. 


5. Numbers 
below 
diagrams 
are count 
values. 


The lower 
number 
is the least significant 
byte. 


The upper 
number 
is the most significant 
byte. Since the counter 
is programmed 
to read/write 
LSB only, the 
most significant 
byte cannot 
be read. 
N stands 
for an undefined 
count. 


Vertical 
lines show transitions 
between 
count 
values. 


CW.12 
LSB-3 


WRITE l...-IU---------- 


GATE 
---- 
- 
-; 
n---------1n----- 


OUT =.=J 
\ 
~ 


I N I N I N I N I N I ~ I ~ 


CW.12 
LSB.3 


WRITE ULJ-------------- 


GATE -------In----1n---------- 


OUT =.J 
\.... 
, 


I N I N 
I 
N I N I N 
I 
~ I ~ 
~ 
~ 
~ 
~ I ~ I 


GATE -------in --------ifT----- 


OUT 
-- 
I 
\ 
I 
--l 
_._ 


INININININI~I 
I~I 


Figure 5·4. Mode 1 


count of N, thE!sequence repeats every N ClK cy- 
cles. 


This mode is a divide-by-N counter. It is typically 
used to generate a Real Time Clock interrupt. OUT 
will initially be HIGH. When the initial count has dec- 
remented to 1, OUT goes lOW for one ClK pulse, 
then OUT goes HIGH again. Then the timer reloads 
the initial count and the process is repeated. In other 
words, this mode is periodic since the same se- 
quence is repeated itself indefinitely. For an initial 


Similar to Mode 0, GATE = HIGH enables counting, 
where GATE = 
lOW disables counting. If GATE 


goes lOW during an output pulse (lOW), OUT is set 
HIGH immediately. A trigger (rising edge on GATE) 
will reload the timer with the initial count on the next 
ClK pulse. Then, OUT will go lOW (for one ClK 
pulse) N ClK 
pulses after the new trigger. Thus, 


GATE can be used to synchronize the timer. 


OUT~ 


I 
N 
I 
N 
I 
N 
I 
N 
I 
~ 
I 
~ 
I 
~ 
I 
~ 


OUT~ 


I 
N 
I 
N 
I 
N 
I 
N 
I 
: 
u 


~ I ~ I ~ I 


NOTE: 
A GATE transition 
should 
not occur 
one clock 
prior to terminal 
count. 


After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. OUT 
goes lOW (for the ClK pulse) N ClK pulses after 
the initial count is written. This is another way the 
timer may be synchronized by software. 


Writing a new count while counting does not affect 
the current counting sequence because the new 
count will not be loaded until the end of the current 
counting cycle. If a trigger is received after writing a 
new count but before the end of the current period, 


the timer will be loaded with the new count on the 
next ClK pulse after the trigger, and counting will 
continue with the new count. 


Mode 3 is typically used for Baud Rate generation. 
Functionally, this mode is similar to Mode 2 except 
for the duty cycle of OUT. In this mode, OUT will be 
initially HIGH. When half of the initial count has ex- 
pired, OUT goes low for the remainder of the count. 


The counting sequence will be repeated, thus this 
mode is also periodic. Note that an initial count of N 
results in a square wave with a period of N ClK 
pulses. 


The GATE input can be used to synchronize the tim- 
er. GATE = HIGH enables counting; GATE = lOW 
disables counting. If GATE goes lOW while OUT is 
lOW, OUT is set HIGH immediately (Le., no ClK 
pulse is required). A trigger reloads the timer with the 
initial count on the next ClK pulse. 


After writing a Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This al- 
lows the timer to be synchronized by software. 


Writing a new count while counting does not affect 
the current counting sequence. If a trigger is re- 
ceived after writing a new count but before the end 
of the current half-cycle of the square wave, the tim- 
er will be loaded with the new count on the next ClK 


pulse and counting will continue from the new count. 
Otherwise, the new count will be loaded at the end 
of the current half-cycle. 


There is a slight difference in operation depending 
on whether the initial count is EVEN or ODD. The 
following description is to show exactly how this 
mode is implemented. 


OUT is initially HIGH. The initial count is loaded on 
one ClK pulse and is decremented by two on suc- 
ceeding ClK pulses. When the count expires (decre- 
mented to 2), OUT changes to lOW and the timer is 
reloaded with the initial count. The above process is 
repeated indefinitely. 


OUT is initially HIGH. The initial count minus one 
(which is an even number) is loaded on one ClK 


eW.1' 
LSI•• 


WRITE LIl......J--------------- 


eW.1. 
LSI_S 
WRITE LIl......J--------------- 


eW.1. 
LSI_t 


WRITE LIl......J--------------- 


NOTE: 
A-GATE 
transition 
should 
not occur 
one clock 
prior to terminal 
count. 


Figure 5-6. Mode 3 
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pulse and is decremented by two on succeeding 
ClK pulses. One ClK pulse after the count expires 
(decremented to 2), OUT goes lOW and the timer is 
loaded with the initial count minus one again. Suc- 
ceeding ClK 
pulses decrement the count by two. 
When the count expires, OUT goes HIGH immedi- 
ately and the timer is reloaded with the initial count 
minus one. The above process is repeated indefi- 
nitely. So for ODD counts, OUT will be HIGH for (N 
+ 1)/2 counts and lOW for (N - 
1)/2 counts. 


5.3.5 MODE 4-INITIAL 
COUNT TRIGGERED 


STROBE 


This mode allows a strobe pulse to be generated by 
writing an initial count to the timer. Initially, OUT will 


be HIGH. When a new initial count is written into the 
timer, the counting sequence will begin. When the 
initial count expires (decremented to 1), OUT will go 
lOW for one ClK pulse and then go HIGH again. 


Again, GATE = HIGH enables counting while GATE 
= lOW disables counting. GATE has no effect on 
OUT. 


After writing the Control Word and initial count, the 
timer will be loaded on the next ClK pulse. This ClK 
pulse does not decrement the count, so for an initial 
count of N, OUT does not strobe lOW until N + 1 
ClK pulses after initial count is written. 


If a new count is written during counting, it will be 
loaded in the next ClK pulse and counting will con- 
tinue from the new count. 


CW=18 
LSB-3 


WRITE LSU------------- 


GATE 


OUT =.::J 


I N I N I N I 
N I ~ 
U 


DID 
I FF I FF I FF I 
1 
D 
FF 
FE 
FD 


CW-18 
LSB_3 


WRITE LSU------------- 


OUT =.::J 


I N I 
N I 
N I 
N I ~ I ~ I ~ I ~ 


L.J 


DID 
I FF I 
1 
D 
FF 


OUT~ 


I N I 
N I 
N I 
N I ~ I ~ I ~ I ~ 


Figure 5-7. Mode 4 
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If a two-byte count is written, the following will occur: 
1. Writing the first byte has no effect on counting. 
2. Writing the second byte allows the new count to 


be loaded on the next CLK pulse. 


OUT will strobe LOW N + 1 CLK pulses after the 
new count of N is written. Therefore, when the 
strobe pulse will occur after a trigger depends on the 
value of the initial count loaded. 


5.3.6 MODE 5-GATE 
RETRIGGERABLE 


STROBE 


Mode 5 is very similar to Mode 4 except the count 
sequence is triggered by the GATE signal instead of 


by writing an initial count. Initially, OUT will be HIGH. 
Counting is triggered by a rising edge of GATE. 
When the initial count has expired (decremented to 
1), OUT will go LOW for one CLK pulse and then go 
HIGH again. 


After loading the Control Word and initial count, the 
Count Element will not be loaded until the CLK pulse 
after a trigger. This CLK pulse does not decrement 
the count. Therefore, for an initial count of N, OUT 
does not strobe LOW until N + 1 CLK pulses after a 
trigger. 


CW.1A 
LSB.3 


WRITE LJU------------ 


OUT~ 


I N I N I N I N I N I 
u 
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0 
FF 
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Mode 
GATE LOW or 
GATE Rising 
HIGH 
Going 
LOW 


0 
Disable Count 
No Effect 
Enable Count 
1 
No Effect 
1. Initiate Count 
No Effect 


2. Reset Output 
After Next Clock 


2 
1. Disable Count 
Initiate Count 
Enable Count 


2. Sets Output HIGH 
Immediately 


3 
1. Disable Count 
Initiate Count 
Enable Count 
2. Sets Output HIGH 


Immediately 


4 
Disable Count 
No Effect 
Enable Count 
5 
No Effect 
Initiate Count 
No Effect 


The counting 
sequence 
is retriggerable. 
Every trig- 


ger will result in the timer being loaded with the initial 
count 
on the next CLK pulse. 


If the new count 
is written 
during counting, 
the cur- 
rent counting 
sequence 
will not be affected. 
If a trig- 
ger occurs 
after the new count 
is written 
but before 


the current 
count 
expires, 
the timer 
will be loaded 


with the new count on the next CLK pulse and a new 
count 
sequence 
will start from there. 


The 
GATE 
input 
is always 
sampled 
on the 
rising 


edge of CLKIN. 
In Modes 
0, 2, 3 and 4, the GATE 


input is level sensitive. 
The logic level is sampled 
on 


the rising edge of CLKIN. In Modes 
1, 2, 3 and 5, the 


GATE input is rising edge sensitive. 
In these modes, 


a rising edge of GATE 
(trigger) 
sets an edge sensi- 
tive flip-flop 
in the timer. The flip-flop 
is reset imme- 


diately 
after it is sampled. 
This way, a trigger will be 


detected 
no matter when it occurs; 
Le., a HIGH logic 


level does not have to be maintained 
until the next 


rising edge of CLKIN. 
Note that in Modes 
2 and 3, 


the GATE input is both edge and level sensitive. 


New 
counts 
are 
loaded 
and 
counters 
are 
decre- 


mented 
on the falling 
edge 
of CLKIN. 
The 
largest 


possible 
initial count is O. This is equivalent 
to 2"16 


for binary counting 
and 10"4 
for BCD counting. 


Note that the counter 
does not stop when it reaches 


zero. 
In Modes 
0, 1, 4, and 5, the counter 
'wraps 


around' 
to the 
highest 
count: 
either 
FFFF 
Hex for 


binary counting 
or 9999 for BCD counting, 
and con- 


tinues 
counting. 
Modes 
2 and 3 are periodic. 
The 


counter 
reloads 
itself with the initial count 
and con- 


tinues counting 
from there. 


The 
minimum 
and 
maximum 
initial 
count 
in each 


counter 
depends 
on the 
mode 
of operation. 
They 


are summarized 
below. 


Mode 
Mln 
Max 


0 
1 
0 
1 
1 
0 


2 
2 
0 


3 
2 
0 


4 
1 
0 


5 
1 
0 


The 
Programmable 
Interval 
Timer 
module 
of 
the 


82380 
contains 
a set of six registers. 
The port ad- 


dress map of these 
registers 
is shown 
in Table 5-2. 


Table 5·2. Timer Register 
Port Address 
Map 


Port Address 
Description 


40H 
Counter 0 Register 
(read/write) 


41H 
Counter 
1 Register 
(read/write) 


42H 
Counter 2 Register 
(read/write) 


43H 
Control Word Register 
I 


(Counter 0, 1 & 2) (write-only) 


44H 
Counter 3 Register 
(read/write) 


45H 
Reserved 
46H 
Reserved 
47H 
Control Word Register 
II 


(Counter 
3) (write-only) 


inter 


5.4.1 COUNTER 
0, 1, 2, 3 REGISTERS 


These 
four 8-bit registers 
are functionally 
identical. 


They are used to write the initial count value into the 
respective 
timer. Also, they can be used to read the 


latched 
count 
value of a timer. Since they are 8-bit 


registers, 
reading 
and 
writing 
of 
the 
16-bit 
initial 


count 
must follow 
the count 
format 
specified 
in the 


Control 
Word 
Registers; 
Le., least 
significant 
byte 


only, 
most 
significant 
byte only, 
or least 
significant 


byte then most significant 
byte (see Programming). 


There 
are two 
Control 
Word 
Registers 
associated 


with 
the 
Timer 
section. 
One 
of the 
two 
registers 


(Control Word Register 
I) is used to control 
the oper- 


ations of Counters 
0, 1, and 2 and the other (Control 


Word 
Register 
II) is for Counter 
3. The major func- 


tions 
of both Control 
Word 
Registers 
are listed 
be- 


low: 


- 
Select the timer to be programmed. 


- 
Define which mode the selected 
timer is to oper- 


ate in. 


- 
Define 
the count 
sequence; 
Le., if the selected 


timer is to count as a Binary Counter 
or a Binary 


Coded 
Decimal 
(BCD) Counter. 


- 
Select 
the 
byte 
access 
sequence 
during 
timer 


read/write 
operations; 
Le., least significant 
byte 


only, 
most 
significant 
byte only, or least 
signifi- 


cant byte first, then most significant 
byte. 


Also, 
the 
Control 
Word 
Registers 
can 
be 
pro- 


grammed 
to perform 
a Counter 
Latch Command 
or a 


Read Back Command 
which will be described 
later. 


Upon 
power-up 
or reset, 
the 
state 
of all timers 
is 


undefined. 
The mode, count value, and output 
of all 


timers 
are random. 
From 
this 
point 
on, how 
each 


timer operates 
is determined 
solely by how it is pro- 


grammed. 
Each timer must be programmed 
before it 


can be used. Since the outputs 
of some timers 
can 


generate 
interrupt 
signals 
to the 82380, 
all timers 


should 
be initialized 
to a known 
state. 


Timers 
are programmed 
by writing 
a Control 
Word 


into their respective 
Control 
Word 
Registers. 
Then, 
an Initial Count can be written 
into the correspond- 


ing Count Register. 
In general, the programming 
pro- 


cedure is very flexible. 
Only two conventions 
need to 


be remembered: 


1. For each timer, the Control 
Word must be written 


before the initial count is written. 


2. The 16-bit initial count 
must follow 
the count 
for- 


mat specified 
in the 
Control 
Word 
(least 
signifi- 


cant byte only, most significant 
byte only, or least 


significant 
byte first, followed 
by most significant 


byte). 


Since the two Control 
Word 
Registers 
and the four 


Counter 
Registers 
have 
separate 
addresses, 
and 


each timer can be individually 
selected 
by the appro- 


priate Control 
Word Register, 
no special 
instruction 


sequence 
is required. 
Any programming 
sequence 


that follows 
the conventions 
above 
is acceptable. 


A new initial count 
may be written 
to a timer at any 


time without 
affecting 
the timer's 
programmed 
mode 


in any way. Count sequence 
will be affected 
as de- 


scribed in the Modes of Operation 
section. 
Note that 


the 
new count 
must follow 
the programmed 
count 


format. 


If a timer 
is previously 
programmed 
to read/write 


two-byte 
counts, 
the following 
precaution 
applies. 
A 


program 
must 
not transfer 
control 
between 
writing 


the first and second 
byte to another 
routine 
which 


also 
writes 
into 
the 
same 
timer. 
Otherwise, 
the 


read/write 
will result in incorrect 
count. 


Whenever 
a Control 
Word 
is written 
to a timer, 
all 


control 
logic 
for that 
timer(s) 
is immediately 
reset 


(Le., 
no 
CLK 
pulse 
is required). 
Also, 
the 
corre- 


sponding 
output pin, TOUT( #), goes to a known 
ini- 


tial state. 


Three 
methods 
are 
available 
to 
read 
the 
current 


count as well as the status of each timer. They are: 
Read Counter 
Registers, 
Counter 
Latch 
Command 


and Read 
Back Command. 
Following 
is a descrip- 


tion of these 
methods. 


The current count of a timer can be read by perform- 
ing a read operation 
on the corresponding 
Counter 


Register. 
The only restriction 
of this read operation 


is that the CLKIN of the timers 
must be inhibited 
by 


inter 


using external logic. Otherwise, the count may be in 
the process of changing when it is read, giving an 
undefined result. Note that since all four timers are 
sharing the same CLKIN signal, inhibiting CLKIN to 
read a timer will unavoidably disable the other timers 
also. This may prove to be impractical. Therefore, it 
is suggested that either the Counter Latch Com- 
mand or the Read Back Command be used to read 
the current count of a timer. 


Another alternative is to temporarily disable a timer 
before reading its Counter Register by using the 
GATE input. Depending on the mode of operation, 
GATE = LOW will disable the counting operation. 
However, this option is available on Timer 2 and 3 
only, since the GATE signals of the other two timers 
are internally enabled all the time. 


A Counter Latch Command will be executed when- 
ever a special Control Word is written into a Control 
Word Register. Two bits written into the Control 
Word Register distinguish this command from a 'reg- 
ular' Control Word (see Register Bit Definition). Also, 
two other bits in the Control Word will select which 
counter is to be latched. 


Upon execution of this command, the selected 
counter's Output Latch (OL) latches the count at the 
time the Counter Latch Command is received. This 
count is held in the latch until it is read by the 80386, 
or until the timer is reprogrammed. The count is then 
unlatched automatically and the OL returns to 'fol- 
lowing' the Counting Element (CE).This allows read- 
ing the contents of the counters 'on the fly' without 
affecting counting in progress. Multiple Counter 
Latch Commands may be used to latch more than 
one counter. Each latched count is held until it is 
read. Counter Latch Commands do not affect the 
programmed mode of the timer in any way. 


If a counter is latched, and at some time later, it is 
latched again before the prior latched count is read, 
the second Counter Latch Command is ignored. The 
count read will then be the count at the time the first 
command was issued. 


In any event, the latched count must be read ac- 
cording to the programmed format. Specifically, if 
the timer is programmed for two-byte counts, two 
bytes must be read. However, the two bytes do not 
have to be read right after the other. Read/write or 
programming operations of other timers may be per- 
formed between them. 


Another feature of this Counter Latch Command is 
that read and write operations of the same timer 
may be interleaved. For example, if the timer is pro- 
grammed for two-byte counts, the following se- 
quence is valid. 
1. Read least significant byte. 
2. Write new least significant byte. 
3. Read most significant byte. 


4., Write new most significant byte. 


If a timer is programmed to read/write 
two-byte 


counts, the following precaution applies. A program 
must not transfer control between reading the first 
and second byte to another routine which also reads 
from that same timer. Otherwise, an incorrect count 
will be read. 


The Read Back Command is another special Com- 
mand Word operation which allows the user to read 
the current count value and/or the status of the se- 
lected timer(s). Like the Counter Latch Command, 
two bits in the Command Word identify this as a 
Read Back Command (see Register Bit Definition). 


The Read Back Command may be used to latch 
multiple counter Output Latches (OL's) by selecting 
more than one timer within a Command Word. This 
single command is functionally equivalent to several 
Counter Latch Comniands, one for each counter to 
be latched. Each counter's latched count will be 
held until it is read by the 80386 or until the timer is 
reprogrammed. The counter is automatically un- 
latched when 
read, but other 
counters 
remain 


latched until they are read. If multiple Read Back 
commands are issued to the same timer without 
reading the count, all but the first are ignored; Le., 
the count read will correspond to the very first Read 
Back Command issued. 


As mentioned previously, the Read Back Command 
may also be used to latch status information of the 
selected timer(s). When this function is enabled, the 
status of a timer can be read from the Counter Reg- 
ister after the Read Back Command is issued. The 
status information of a timer includes the following: 
1. Mode of timer: 
This allows the user to check the mode of opera- 
tion of the timer last programmed. 


2. State of TOUT pin of the timer: 


This allows the user to monitor the counter's out- 
put pin via software, possibly eliminating some 
hardware from a system. 


inter 


3. Null Count/Count available: 


The Null Count Bit in the status byte indicates if 
the last count written to the Count Register (CR) 
has been loaded into the Counting Element (CE). 
The exact time this happens depends on the 
mode of the timer and is described in the Pro- 
gramming section. Until the count is loaded into 
the Counting Element (CE), it cannot be read from 
the timer. If the count is latched or read before 
this occurs, the count value will not reflect the 
new count just written. 


If multiple status latch operations of the timer(s) are 
performed without reading the status, all but the first 
command are ignored; i.e., the status read in will 
correspond to the first Read Back Command issued. 


Both the current count and status of the selected 
timer(s) may be latched simultaneously by enabling 
both functions in a single Read Back Command. 
This is functionally the same as issuing two separate 
Read Back Commands at once. Once again, if multi- 
ple read commands are issued to latch both the 
count and status of a timer, all but the first command 
will be ignored. 


If both count and status of a timer are latched, the 
first read operation of that timer will return the 
latched status, regardless of which was latched first. 
The next one or two (if two count bytes are to be 
read) read operations return the latched count. Note 
that subsequent read operations on the Counter 
Register will return the unlatched count (like the first 
read method discussed). 


5.6 
Register Bit Definitions 


COUNTER 0, 1, 2, 3 REGISTER (READ/WRITE) 


Port Address 
Description 


40H 
Counter 0 Register (read/write) 


41H 
Counter 1 Register (read/write) 


42H 
Counter 2 Register (read/write) 


44H 
Counter 3 Register (read/write) 


45H 
Reserved 
46H 
Reserved 


~ 
~LSBorCOUNTBYTE 


-----.------------------MSB 
or COUNT BYTE 


inter 


Note 
that 
these 
a-bit 
registers 
are for writing 
and 


reading 
of one byte of the 16-bit count value, either 
the most significant 
or the least significant 
byte. 


Port Address 
Description 


43H 
Control Word Register 
I 


(Counter 0, 1, 2) (write-only) 


47H 
Control Word Register 
II 


(Counter 3) (write-only) 


SELECT 
COUNTER: 


00 
SELECT 
COUNTER 
0 
01 
SELECT 
COUNTER 
1 
10 
SELECT 
COUNTER 
2 
11 
READ BACK 
COMMAND 
fOR 
COUNTER 
0-2 


0- 
16-BIT 
BINARY 
COUNTER 


1 - BCD COUNTER 
(4 
DECADES) 


READ/WRITE: 


00 
COUNTER 
LATCH 
COMMAND 


01 
READ/WRITE 
LSB 
BYTE ONLY 


10 
READ/WRITE 
MSB 
BYTE ONLY 


11 
REAO/WRITE 
LSB. 
THEN 
MSB 
BYTE 


MODE: 


000 
MODE 0 
001 
MODE 
1 
Xl0 
MODE 2 
XII 
MODE 3 
100 
MODE 4 
101 
MODE 5 
290128-75 


SELECT 
COUNTER: 


00 
SELECT 
COUNTER 
3 
01 
RESERVED 
10 
RESERVED 


11 
READ BACK 
COMMAND 
FOR COUNTER 
3 


0- 
16-BIT 
BINARY 


COUNTER 


1 - 
BCD COUNTER 


(4 
DECADES) 


READ /WRITE: 


00 
COUNTER 
LATCH 
COMMAND 


01 
READ/WRITE 
LSB 
BYTE ONLY 


10 
READ/WRITE 
MSB 
BYTE ONLY 


11 
READ/WRITE 
LSB, 
THEN 
MSB 
BYTE 


MODE: 


000 
MODE 0 
001 
MODE 
1 
Xl0 
MODE 2 


XlI 
MODE 3 
100 
MODE 4 
101 
MODE 5 
29012B-76 


COUNTER 
LATCH COMMAND 
FORMAT 


(Write to Control 
Word Register) 


00 
COUNTER 
0 
(OR 
3) 


01 
COUNTER 
1 
10 
COUNTER 
2 


11 
REAO 
BACK 
COMMAND 


inter 


READ BACK COMMAND FORMAT 
(Write to Control Word Register) 


0- 
LATCH 
COUNT 
1 - 
DO NOT LATCH 
COUNT 


0- 
LATCH 
STATUS 


1 - 
DO NOT LATCH 
STATUS 


0- 
COUNTER 
NOT 
SELECTED 


1 - 
COUNTER 
IS 
SELECTED 


STATUS FORMAT 
(Returned from Read Back Command). 


0- 
COUNT 
AVAILABLE 
FOR READING 
1 - 
NULL 
COUNT 


lined mode, and 0 to 15 wait states in pipelined 
mode. Depending on the bus cycle type and the two 
Wait State Control inputs (WSC 0-1), a pre-pro- 
grammed number of wait states in the selected Wait 
State Register will be generated. 


The Wait State Generator can also be disabled to 
allow the use of devices capable of generating their 
own READY# signals. Figure 6-1 is a block diagram 
of the Wait State Generator. 


The 82380 contains a programmable Wait State 
Generator which can generate a pre-programmed 
number of wait states during both CPU and DMA 
initiated bus cycles. This Wait State Generator is ca- 
pable of generating 1 to 16 wait states in non-pipe- 


inter 


6.2 Interface Signals 


The following describes the interface signals which 
affect the operation of the Wait State Generator. 
The READY#, WSCOand WSC1 signals are inputs. 
READYO# is the ready output signal to the host 
processor. 


READY# is an active LOW input signal which indi- 
cates to the 82380 the completion of a bus cycle. In 
the Master mode (e.g., 82380 initiated DMA trans- 
fer), this signal is monitored to determine whether a 
peripheral or memory needs wait states inserted in 
the current bus cycle. In the Slave mode, it is used 
(together with the ADS# signal) to trace CPU bus 
cycles to determine if the current cycle is pipelined. 


6.2.2 READYO# 


READYO# (Ready Out#) is an active LOW output 
signal and is the output of the Wait State Generator. 
The number of wait states generated depends on 
the WSC(0-1) inputs. Note that special cases are 


handled for access to the 82380 internal registers 
and for the Refresh cycles. For 82380 internal regis- 
ter access, READYO# will be delayed to take into 
account the command recovery time of the register. 
One or more wait states will be generated in a pipe- 
lined cycle. During refresh, the number of wait states 
will be determined by the preprogrammed value in 
the Refresh Wait State Register. 


In the simplest configuration, READYO# 
can be 


connected to the READY# input of the 82380 and 
the 80386 CPU. This is, however, not always the 
case. If external circuitry is to control the READY# 
inputs as well, additional logic will be required (see 
Application Issues). 


These two Wait State Control inputs select one of 
the three pre-programmed 8-bit Wait State Registers 
which determines the number of wait states to be 
generated. The most significant half of the three 
Wait State Registers corresponds to memory ac- 
cesses, the least significant half to I/O accesses. 
The combination WSC(0-1) = 11 disables the Wait 
State Generator. 


INTERNAL WAIT STATE 
REOUIREMENT 


07 
D. 
03 
DO 


MEMORY 0 
I/O 
0 


WSCO 


REGISTER 
MEMORY 1 
I/O 
1 


WSCl 
SELECT 
I/O 
2 
LOGIC 
MEMORY 2 
WAIT STATE 
M/IOH 
(RESERVED) 
REfRESH 
COUNTER 


inter 


ClK 


A(2 - 31) 
"'/10# 
8E(0 - 3)# 


WSC(O -1) 


Figure 6-2. Walt States 
In Non-Plpellned 
Cycles 


rising edge of the next clock (82384 ClK) after the 
last state when ADS# (Address Status) is asserted. 


The timing diagram of two typical non-pipelined cy- 
cles with 82380 generated wait states is shown in 
Figure 6-2. In this diagram, it is assumed that the 
internal registers of the 82380 are not addressed. 
During the first T2 state of each bus cycle, the Wait 
State Control and the M/IO# 
inputs are sampled to 


determine which Wait State Register (if any) is se- 
lected. If the WSC inputs are active (Le.,not both are 
driven HIGH), the pre-programmed number of wait 
states corresponding to the selected Wait State 
Register will be requested. This is done by driving 
the READYO# output HIGH during the end of each 
T2 state. 


The WSC(0-1) inputs need only be valid during the 
very first T2 state of each non-pipelined cycle. As a 
general rule, the WSC inputs are sampled on the 


The number of wait states generated depends on 
the type of bus cycle, and the number of wait states 
requested. The various combinations are discussed 
below. 
1. Access the 82380 internal registers: 2 to 5 wait 


states, depending upon the specific register ad- 
dressed. Some back-to-back sequences to the In- 
terrupt Controller will require 7 wait states. 


2. Interrupt Acknowledge 
to 
the 
82380: 5 wait 


states. 


3. Refresh: As programmed in the Refresh Wait 


State Register (see Register Set Overview). Note 
that if WSC(0-1) = 11, READYO# will stay inac- 
tive. 


4. Other bus cycles: Depending on WSC(0-1) and 


M/lO# 
inputs, these inputs select a Wait State 


Register in which the number of wait states will be 
equal to the pre-programmed wait state count in 
the register plus 1. The Wait State Register selec- 
tion is defined as follows (Table 6-1). 


intJ 


T1p 
T2 
T2p 
T1p 


ClK2 


ClK 


A(2-31) 
1.4/10# 
8E(0- 
3)# 


WSC(O-1) 


ADS# 


READY# 


READYO# 


ONE WAITSTATE 


M/IO# 
WSC(1-0) 
Register Selected 


0 
00 
WAIT REG 0 (1/0 half) 
0 
01 
WAIT REG 1 (1/0 half) 
0 
10 
WAIT REG 2 (1/0 half) 
1 
00 
WAIT REG 0 (MEM half) 
1 
01 
WAIT REG 1 (MEM half) 
1 
10 
WAIT REG 2 (MEM half) 


X 
11 
Wait State Gen. Disabled 


The Wait State Control signals, WSC(0-1), can be 
generated with the address decode and the Read/ 
Write control signals as shown in Figure 6-3. 


ADDRESS DECODEtl 
lOGIC 
WSC (0-1) 
W/R# 


290128-82 


Note that during HALT and SHUTDOWN, the num- 
ber of wait states will depend on the WSC(0-1) in- 
puts, which will select the memory half of one of the 
Wait State Registers (see CPU Reset and Shutdown 
Detect). 


The timing diagram of two typical pipelined cycles 
with 82380 generated wait states is shown in Figure 
6-4. Again, in this diagram, it is assumed that the 
82380 internal registers are not addressed. As de- 
fined in the timing of the 80386 processor, the Ad- 
dress (A 2-31), 
Byte Enable (BE 0-3), 
and other 
control signals (M/IO#, 
ADS#) are asserted one 
T state earlier than in a non-pipelined cycle; Le.,they 
are asserted at T2P. Similar to the non-pipelined 
case, the Wait State Control (WSC) inputs are sam- 
pled in the middle of the state after the last state 
when the ADS# signal is asserted. Therefore, the 
WSC inputs should be asserted during the T1P state 
of each pipelined cycle (which is one T state earlier 
than in the non-pipelined cycle). 


inter 


The number of wait states generated in a pipelined . 
cycle is selected in a similar manner as in the non- 
pipelined case discussed in the previous section. 
The only difference here is that the actual number of 
wait states generated will be one less than that of 
the non-pipelined cycle. This is done automatically 
by the Wait State Generator. 


6.3.3 EXTENDING 
AND EARLY 
TERMINATING 


BUS CYCLE 


The 82380 allows external logic to either add wait 
states or cause early termination of a bus cycle by 
controlling the READY"" input to the 82380 and the 
host processor. A possible configuration is shown in 
Figure 6-5. 


The EXT. RDY"" (External Ready) signal of Figure 
6-5 allows external devices to cause early termina- 
tion of a bus cycle. When this signal is asserted 
LOW, the output of the circuit will also go LOW 
(even though the READYO"" of the 82380 may still 


be HIGH). This output is fed to the READY"" input of 
the 80386 and the 82380 to indicate the completion 
of the current bus cycle. 


Similarly, the 
EXT. NOT READY (External Not 


Ready) signal is used to delay the READY"" input of 
the processor and the 82380. As long as this signal 
is driven HIGH, the output of the circuit will drive the 
READY"" input HIGH. This will effectively extend the 
duration of a bus cycle. However, it is important to 
note that if the two-level logic is not fast enough to 
satisfy the READY"" setup time, the OR gate should 
be eliminated. Instead, the 82380 Wait State Gener- 
ator can be disabled by driving both WSC(0-1) 
HIGH. In this case, the addressed memory or I/O 
device should activate the external READY"" input 
whenever it is ready to terminate the current bus 
cycle. 


Figure 6-6 and 6-7 show the timing relationships of 
the ready signals for the early termination and exten- 
sion of the bus cycles. Section 6.7, Application Is- 
sues, contains a detailed timing analysis of the ex- 
ternal circuit. 


. EXTERNAL 
READY # 
(EARLY 
TERIo4INA nON) 


ClK 


A(2- 31) 
104/10# 
8E(0- 
3)# 


ADS# 


CLK 


A(2- 
31) 
"'/10# 


8E(0- 
3)# 


ADS# 


Figure 6·7. Extending 
Bus Cycle by 'READY#' 


Due to the following implications, it should be noted 
WAIT STATE REGISTER 0,1,2 
that early termination of bus cycles in which 82380 
internal registers are accessed is not recommended. 
1. Erroneous data may be read from or written into 


the addressed register. 
2. The 82380 must be allowed to recover either be- 


fore HLDA (Hold Acknowledge) is asserted or be- 
fore another bus cycle into an 82380 internal reg- 
ister is initiated. 
The recovery time, in bus periods, equals the re- 
maining wait states that were avoided plus 4. 


Altogether, there are four 8-bit internal registers as- 
sociated with the Wait State Generator. The port ad- 
dress map of these registers is shown below in Ta- 
ble 6-2. A detailed description of each follows. 


Table 6-2. Register 
Address 
Map 


Port Address 
Description 


72H 
Wait State Reg 0 (read/write) 


73H 
Wait State Reg 1 (read/write) 


74H 
Wait State Reg 2 (read/write) 


75H 
Ref. Wait State Reg (read/write) 


These three 8-bit read/write registers are functional- 
ly identical. They are used to store the pre-pro- 
grammed wait state count. One half of each register 
contains the wait state count for I/O accesses while 
the other half contains the count for memory ac- 
cesses. The total number of wait states generated 
will depend on the type of bus cycle. For a non-pipe- 
lined cycle, the actual number of wait states request- 
ed is equal to the wait state count plus 1. For a 
pipelined cycle, the number of wait states will be 
equal to the wait state count in the selected register. 
Therefore, the Wait State Generator is capable of 
generating 1 to 16 wait states in non-pipelined 
mode, and 0 to 15 wait states in pipelined mode. 


Note that the minimum wait state count in each reg- 
ister is O. This is equivalent to 0 wait states for a 
pipelined cycle and 1 wait state for a non-pipelined 
cycle. 


Similar to the Wait State Registers discussed above, 
this 4-bit register is used to store the number of wait 
states to be generated during the DRAM refresh cy- 
cle. Note that the Refresh Wait State Register is not 
selected by the WSC inputs. It will automatically be 


inter 


chosen whenever a DRAM refresh cycle occurs. If 
the Wait State Generator is disabled during the re- 
fresh cycle (WSC(0-1) = 11), READYO# will stay 
inactive and the Refresh Wait State Register is ig- 
nored. 


Using the Wait State Generator is relatively straight- 
forward. No special programming sequence is re- 
quired. In order to ensure the expected number of 
wait states will be generated when a register is se- 
lected, the registers to be used must be pro- 
grammed after power-up by writing the appropriate 
wait state count into each register. Note that upon 
hardware reset. all Wait State Registers are initial- 
ized with the value FFH, giving the maximum num- 
ber of wait states possible. Also. each register can 
be read to check the wait state count previously 
stored in the register. 


6.6 
Register Bit Definition 


WAIT STATE REGISTER 0,1,2 


Port Address 
Description 


72H 
Wait State Register 0 (read/write) 


73H 
Wait State Register 1 (read/write) 


74H 
Wait State Register 2 (read/write) 


I/o WAIT 
STATE 
COUNT 


IolEtoWRY 
WAIT 
STATE 
COUNT 
290126-67 


As mentioned in section 6.3.3, wait state cycles gen- 
erated by the 82380 can be terminated early or ex- 
tended longer by means of additional external logic 
(see Figure 6-5). In order to 
ensure that 
the 


READY# input timing requirement of the 80386 and 
the 82380 is satisfied, special care must be taken 
when designing this external control logic. This sec- 
tion addresses the design requirements. 


A simplified block diagram of the external logic along 
with the READY# tiiming diagram is shown in Figure 
6-8. The purpose is to determine the maximum delay 
time allowed in the external control logic in order to 
satisfy the READY# setup time. 


First, it will be assumed that the 80386 is running at 
16 MHz (Le.,CLK2 and 32 MHz). Therefore, one bus 
state (two CLK2 periods) will be equivalent to 62.5 
nsec. According to the AC specifications of the 


82380, the maximum delay time for valid READYO# 
signal is 31 ns after the rising edge of CLK2 in the 
beginning of T2 (for non-pipelined cycle) or T2P (for 
pipelined cycle). Also, the minimum READY# setup 
time of the 80386 and the 82380 should be 20 ns 
before the rising edge of CLK2 at the beginning of 
the next bus state. This limits the total delay time for 
the external READY# control logic to be 11 ns 
(62.5-31-21) in order to meet the READY# setup 
timing requirement. 


EXT. READY# 
EXT. NOT READY 


80386-16 
82380 


READY 


READY# 
I 


CONTROL 
READYO# 
LOGIC 


READY# 


A ~ 
PHI1 + PHI2 = 62.5 ns 
B ~ 
Maximum 
READYO# 
Valid 
Delay = 31 ns 


C = READY # Set-up 
Time 
~ 
21 ns 


o = Maximum 
Ready 
Control 
Logic 
Delay 
~ 
A - 
B - 
C = 11 ns 


inter 


7.1 
Functional 
Description 


The 82380 DRAM Refresh Controller consists of a 
24-bit Refresh Address Counter and Refresh Re- 
quest logic for DRAM refresh operations (see Figure 
7-1). TIMER 1 can be used as a trigger signal to the 
DRAM Refresh Request logic. The Refresh Bus Size 
can be programmed to be 8-, 16-, or 32-bit wide. 
Depending on the Refresh Bus Size, the Refresh 
A~dress Counter will be incremented with the appro- 
pnate value after every refresh cycle. The internal 
logic of the 82380 will give the Refresh operation the 
highest priority in the bus control arbitration process. 
Bus control is not released and re-requested if the 
82380 is already a bus master. 


DRAt.4 
REFRESH 
CONTROLLER 


7.2.1 TOUT1/REF# 


The dual function output pin of TIMER 1 (TOUT11 
REF#) can be programmed to generate DRAM Re- 
fresh signal. If this feature is enabled, the rising edge 
of TIMER 1 output (TOUT1) will trigger the DRAM 
Refresh Request logic. After some delay for gaining 
access of the bus, the 82380 DRAM Controller will 
generate a DRAM Refresh signal by driving REF# 
output LOW. This signal is cleared after the refresh 
cycle has taken place, or by a hardware reset. 


If the 
DRAM Refresh feature 
is disabled, the 


TOUT1/REF # output pin is simply the TIMER 1 out- 
put. Detailed information of how TIMER 1 operates 
is discussed in section 6-Programmable 
Interval 


Timer, and will not be repeated here. 


INTERNAL 
Dt.4A 
HANDSHAKE 
Dt.4A 
CONTROLLER 
ARBITRATION 


LOGIC 


24- BIT 
REFRESH 
ADDRESS 


TO Dt.4A 
CONTROLLER 
(INTERNAL) 


7.3.1 ARBITRATION 


In order to ensure data integrity of the DRAMs, the 
82380 gives the DRAM Refresh signal the highest 
priority in the arbitration logic. It allows DRAM Re· 
fresh to interrupt a DMA in progress in order to per- 
form the DRAM Refresh cycle. The DMA service will 
be resumed after the refresh is done. 


In case of a DRAM Refresh during a DMA process, 
the cascaded device will be requested to get off the 
bus. This is done by deasserting the EDACK signal. 
Once DREQn goes inactive, the 82380 will perform 
the refresh operation. Note that the DMA controller 
does not completely relinquish the system bus dur- 
ing refresh. The Refresh Generator simply 'steals' a 
bus cycle between DMA accesses. 


Figure 7-2 shows the timing diagram of a Ref.resh 
Cycle. Upon expiration of TIMER 1, the 82380 Willtry 
to take control of the system bus by asserting 
HOLD. As soon as the 82380 see HLDA go active, 
the DRAM Refresh Cycle will be carried out by acti- 
vating the REF# signal as well as the refresh ad- 
dress and control signals on the system bus (Note 


HLDA 


A(2-31) 
t.4/IO# 
8E{O-3)# W/R# 


that REF# will not be active until two CLK periods 
after HLDA is asserted). The address bus will con- 
tain the 24·bit address currently in the Refresh Ad- 
dress Counter. The control signals are driven the 
same way as in a Memory Read cycle. This 'read' 
operation is complete when the READY# signal is 
driven LOW. Then, the 82380 will relinquish the bus 
by de-asserting HOLD. Typically, a Refresh Cycle 
without wait states will take six bus states to exe- 
cute. If 'n' wait states are added, the Refresh Cycle 
will last for six plus 'n' bus states. 


How often the Refresh Generation will initiate a re- 
fresh cycle depends on the frequency of CLKIN as 
well as TIMER1's programm~d mode of operation. 
For this specific application, TIMER1 should be pro- 
grammed to operate in Mode 2 or 3 to generate a 
constant clock rate. See section 6-Programmable 
Interval Timer for more information on programming 
the timer. One DRAM Refresh Cycle will be generat- 
ed each time TIMER 1 expires (when TOUT1 chang- 
es to LOW to HIGH). 


The Wait State Generator can be used to insert wait 
states during a refresh cycle. The 82380 will auto- 
matically insert the desired number of wait states as 
programmed in the Refresh Wait State Register (see 
Wait State Generator). 


inter 


7.4.1 WORD SIZE AND REFRESH ADDRESS 


COUNTER 


The 82380 supports 8-, 16- and 32-bit refresh cycle. 
The bus width during a refresh cycle is programma- 
ble (see Programming). The bus size can be pro- 
grammed via the Refresh Control R~gis~er(see Reg- 
ister Overview). If the DRAM bus size IS 8-, 16-, or 
32-bits, the Refresh Address Counter will be incre- 
mented by 1, 2, or 4, respectively. 


The Refresh Address Counter is cleared by a hard- 
ware reset. 


7.5 Register Set Overview 


The Refresh Generator has two internal registers to 
control its operation. They are the Refresh Control 
Register and the Refresh Wait State Register. Their 
port address map is shown in Table 7-1 below. 


Port Address 
Description 


1CH 
Refresh Control Reg. (read/write) 


75H 
Ref. Wait State Reg. (read/write) 


Table 7·1. Register Address Map 


The Refresh Wait State Register is not part of the 
Refresh Generator. It is only used to program the 
number of wait states to be inserted during a refresh 
cycle. This register is discussed in detail in section 7 
(Wait State Generator) and will not be repeated 
here. 


This 2-bit register serves two functions. First, it is 
used to enable/disable the DRAM Refresh function 
output. If disabled, the output of TIMER 1 is simply 
used as a general purpose timer. The second func- 
tion of this register is to program the DRAM bus size 
for the refresh operation. The programmed bus size 
also determines how the Refresh Address Counter 
will be incremented after each refresh operation. 


7.6 Programming 


Upon hardware reset, the DRAM Refresh function is 
disabled (the Refresh Conttol Register is cleared). 
The following programming steps are needed before 
the Refresh Generator can be used. Since the rate 
of refresh cycles depends on how TIMER 1 is pro- 
grammed, this timer must be initialized with the de- 
sired mode of operation as well as the correct re- 
fresh interval (see Programming Interval Timer). 


Whether or not wait states are to be generated dur- 
ing a refresh cycle, the Re/resh Wait State Register 
must also be programmed with the appropriate val- 
ue. Then, the DRAM Refresh feature must be en- 
abled and the DRAM bus width should be defined. 
These can be done in one step by writing the appro- 
priate control word into the Refresh Control Register 
(see Register Bit Definition). After these steps are 
done the refresh operation will automatically be in- 
voked by the Refresh Generator upon expiration of 
Timer 1. 


In addition to the above programming steps, it 
should be noted that after reset, although the 
TOUT1/REF# 
becomes the Timer 1 output, the 


state of this pin is undefined. This is because the 
Timer module has not been initialized yet. Therefore, 
if this output is used as a DRAM Refresh signal, this 
pin should be disqualified by extern.al logic un~i1th.e 
Refresh function is enabled. One Simple solution IS 
to logically AND this output with HLDA, since HLDA 
should not be active after reset. 


7.7 Register Bit Definition 


REFRESH CONTROL REGISTER 
Port Address: 
1CH 
(Read/Write) 


00 
REF. DISABLE 
01 
BUS s12E=32 
10 BUS s12E=16 
11 BUS s12E=8 


290128-92 


8.0 RELOCATION REGISTER AND 


ADDRESS DECODE 


8.1 Relocation Register 


All the integrated peripheral devices in the 82380 
are controlled by a set of internal registers. These 
registers span a total of 256 consecutive address 
locations (although not all the 256 locations are 
used). The 82380 provides a Relocation Register 
which allows the user to map this set of internal reg- 
isters into either the memory or I/O address space. 
The function of the Relocation Register is to define 
the base address of the internal register set of the 
82380 as well as if the registers are to be memory- 
or I/O-mapped. The format of the Relocation Regis- 
ter is depicted in Figure 8-1. 


inter 


0-1/0 
Io4APPED 
1-Io4EIo40RY 
Io4APPED 


290128-82 


Figure 8·1. Relocation 
Register 


Note that the Relocation Register is part of the inter- 
nal register set of the 82380. It has a port address of 
7FH. Therefore, any time the content of the Reloca- 
tion Register is changed, the physical location of this 
register will also be moved. Upon reset of the 82380, 
the content 
of the 
Relocation Register will be 


cleared. This implies that the 82380 will respond to 
its I/O addresses in the range of OOOOHto OOFFH. 


As shown in the figure, Bit 0 of the Relocation Regis- 
ter determines whether the 82380 registers are to be 
memory-mapped or I/O-mapped. When Bit 0 is set 
to '0', the 82380 will respond to I/O Addresses. Ad- 
dress signals BEO#-BE3#, 
A2-A7 will be used to 


select one of the internal registers to be accessed. 
Bit 1 to Bit 7 of the Relocation Register will corre- 
spond to A9 to A15 of the Address bus, respectively. 
Together with A8 implied to be '0', A15 to A8 will be 
fully decoded by the 82380. The following shows 
how the 82380 is mapped into the I/O address 
space. 


Example 


Relocation Register = 11001110 
(OCEH) 


82380 will respond to I/O address range from 
OCEOOHto OCEFFH. 


Therefore, this I/O mapping mechanism allows the 
82380 internal registers to be located on any even, 
contiguous, 256 byte boundary of the system I/O 
space. 


When Bit 0 of the Relocation Register is set to '1', 
the 82380 will respond to memory addresses. Again, 
Address signals BEO#-BE3#, 
A2-A7 will be used 


to select one of the internal registers to be ac- 
cessed. Bit 1 to Bit 7 of the Relocation Register will 
correspond to A25-A31, 
respectively. A24 is as- 


sumed to be '0', and A8-A23 are ignored. Consider 
the following example. 


Example 


Relocation Register = 10100111 
(OA7H) 


The 82380 will respond to memory addresses in 
the range of OA6XXXXOOHto OA6XXXXFFH 
(where 'X' is don't card). 


This scheme implies that the internal register can be 
located in any even, contiguous, 2"24 
byte page of 


the memory space. 


8.2 Address Decoding 


As mentioned previously, the 82380 internal regis- 
ters do not occupy the entire contiguous 256 ad- 
dress locations. Some of the locations are 'unoccu- 
pied'. The 82380 always decodes the lower 8 ad- 
dress bits (AO-A7) to determine if anyone 
of its 


registers is being accessed. If the address does not 
correspond to any of its registers, the 82380 will not 
respond. This allows external devices to be located 
within the 'holes' in the 82380 address space. Note 
that there are several unused addresses reserved 
for future Intel peripheral devices. 


9.0 
CPU RESET AND SHUTDOWN 
DETECT 


The 82380 will activate the CPURST signal to reset 
the host processor when one of the following condi- 
tions occurs: 
- 
82380 RESET is active; 


- 
82380 detects a 80386 Shutdown cycle (this fea- 
ture can be disabled); 


- 
CPURST software command is issued to 80386. 


Whenever the CPURST signal is activated, the 
82380 will reset its own internal Slave-Bus state ma- 
chine. 


Following a hardware reset, the 82380 will assert its 
CPURST output to reset the host processor. This 
output will stay active for as long as the RESET input 
is active. Duringa hardware reset, the 82380 internal 
registers will be initialized as defined in the corre- 
sponding functional descriptions. 


CPURST can be generated by writing the following 
bit pattern into 82380 register location 64H. 


intJ 


The Write operation into this port is considered as 
an 82380 access and the internal Wait State Gener- 
ator will automatically determine the required num- 
ber of wait states. The CPURSTwill be active follow- 
ing the completion of the Write cycle to this port. 
This signal will last for 62 CLK2 periods. The 82380 
should not be accessed until the CPURST is deacti- 
vated. 


This internal port is Write-Only and the 82380 will 
not respond to a Read operation to this location. 
Also, during a CPU software reset command, the 
82380 will reset its Slave-Bus state machine. How- 
ever, its internal registers remain unchanged. This 
allows the operating system to distinguish a 'warm' 
reset by reading any 82380 internal register previ- 
ously programmed for an non-default value. The Di- 
agnostic registers can be used or this purpose (see 
Internal Control and Diagnostic Ports). 


The 82380 is constantly monitoring the Bus Cycle 
Definition signals (MIIO#, 
D/C#, 
R/W#) 
and is 


able to detect when the 80386 executes a Shutdown 
bus cycle. Upon detection of a processor shutdown, 
the 82380 will activate the CPURST output for 62 
CLK2 periods to reset the host processor. This sig- 
nal is generated after the Shutdown cycle is termi- 
nated by the READY# signal. 


Although the 82380 Wait State Generator will not 
automatically respond to a Shutdown (or Halt) cycle, 
the Wait State Control inputs (WSCO,WSC1) can be 
used to determine the number of wait states in the 
same manner as other non-82380 bus cycle. 


This Shutdown Detect feature can be enabled or dis- 
abled by writing a control bit in the Internal Control 
Port at address 61H (see Internal Control and Diag- 


nostic Ports). This feature is disabled upon a hard- 
ware reset of the 82380. As in the case of Software 
Reset, the 82380 will reset its Slave-Bus state ma- 
chine but will not change any of its internal register 
contents. 


10.0 
INTERNAL 
CONTROL 
AND 


DIAGNOSTIC 
PORTS 


The format of the Internal Control Port of the 82380 
is shown in Figure 10.1. This Control Port is used to 
enable/disable 
the 
Processor Shutdown 
Detect 


mechanism as well as controlling the Gate inputs of 
the Timer 2 and 3. Note that this is a Write-Only port. 
Therefore, the 82380 will not respond to a read op- 
eration to this port. Upon hardware reset, this port 
will be cleared; Le., the Shutdown Detect feature 
and the Gate inputs of Timer 2 and 3 are disabled. 


Two 8-bit read/write Diagnostic Ports are provided 
in the 82380. These are two storage registers and 
have no effect on the operation of the 82380. They 
can be used to store checkpoint data or error codes 
in the power-on sequence and in the diagnostic 
service routines. As mentioned in CPU RESET AND 
SHUTDOWN DETECT section, these Diagnostic 
Ports can be used to distinguish between 'cold' and 
'warm' reset. Upon hardware reset, both Diagnostic 
Ports are cleared. The address map of these Diag- 
nostic Ports is shown in Figure 10-2. 


Port 
Address 


Diagnostic Port 1 (Read/Write) 
80H 


Diagnostic Port 2 (Read/Write) 
88H 


intJ 
82380 
~[Q)W~OO©~ 
OOO[;i'@OOIMl~ii'O@OO 


11.0 INTEL RESERVED 1/0 PORTS 
tion may occur if any peripheral is assigned to the 
same address location. 


There are eleven I/O ports in the 82380 address 
space which are reserved for Intel future peripheral 
12.0 MECHANICAL DATA 
device use only. Their address locations are: 2AH, 
30H, 3EH, 45H, 46H, 76H, 77H, 70H, 7EH, CCH 
and COHo These addresses should not be used in 
12.1 Introduction 


the system since the 82380 may respond to read/ 
write operations to these locations and bus conten- 
In this section, the physical package and its connec- 
tions are described in detail. 


P 
N 
t.4 
K 
H 
G 
E 
0 
C 
B 
A 


01 
~ 
~ 
~ 
~ 
~ 
~ 
01 
~ 
~ 
~ 
~ 
~ 
~ 
Vcc 
VSS 
EOACKl 
BEOI 
BEll 
A3 
AS 
A8 
A9 
A12 
Vcc 
VSS 
Vcc 
VSS 


02 
~ 
02 
~ 
Vcc 
VSS 
INT 
EOACK2 
AOSI 
BE31 
A. 
A7 
Al0 
A13 
A15 
A17 
A19 
VCC 


03 
03 


OREQ5 
OREQ7 
HLOA 
EDACKO 
EOPI 
BE21 
A2 
A6 
All 
AI. 
A16 
A18 
A21 
VSS 


O. 
~~ 
O. 
OREQ3 
NAI 
OREQ6 
A20 
A22 
Vcc 


05 
~ 
05 
~ 


OREQl 
OREQ2 OREQ./IRQ91 
A23 
AU 
A25 


06 
~ 
06 
~ 


IRQ231 
IRQ221 
OREQO 
A26 
A27 
A28 


07 
07 


IRQ191 
IRQ201 
IRQ211 
A30 
A29 
A31 


08 
08 


IRQ181 
IRQ161 
IRQI7# 
015 
023 
031 


09 
09 


IRQ151 
IRQ1·1 
IRQ13# 
022 
030 
07 


10 
10 


IRQ111 
IRQ121 
WSCl 
013 
06 
01. 


11 
~ 
~ 
~ 
~ 
11 
~ 
~ 
~ 
~ 
WSCO 
CLKIN 
REAOYI 
028 
021 
029 


12 
~ 
~ 
~ 
~ 
12 
~ 
~ 
~ 
~ 


Vcc 
RESET 
CPURST 
O/CI 
W/RI 
HOLD 
REAOYOI 
017 
010 
03 
027 
012 
05 
Vcc 


13 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
13 
Vss TOUT21/IRQ31 TOUT31 
t.4/'fJI 
Toun/RErl 
02. 
016 
09 
02 
026 
019 
O. 
020 
VSS 


1. 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
,. 


Vcc 
VSS 
Vcc 
VSS 
08 
DO 
01 
CLK2 
025 
018 
011 
Vcc 
VSS 
Vcc 


P 
N 
t.4 
K 
H 
G 
0 
C 
B 
A 


290128-94 


Figure 12.1.82380 PGA Pinout-View 
from TOP side 


12.2 
Pin Assignment 


The 82380 pinout as viewed from the top side of the 
component is shown in Figure 12.1. Its pinout as 
viewed from the pin side of the component is shown 
in Figure 12.2. 


Vcc and GND connections must be made to multi- 
ple Vcc and Vss (GND) pins. Each Vcc and Vss 
MUST be connected to the appropriate voltage lev- 
el. The circuit board should include Vcc and GND 
planes for power distribution and all Vcc pins must 
be connected to the appropriate plane. 


/ 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


vss 
vcc 
vss 
vcc 
A12 
A9 
A8 
AS 
A3 
8El# 
8EO# 
EOACKI 
vss 
vcc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


vcc 
A19 
A17 
A15 
A13 
Al0 
A7 
A4 
BE3# 
AOS# 
EOACK2 
INT 
vss 
vcc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 


vss 
A21 
A18 
A16 
A14 
All 
A6 
A2 
BE2# 
EOP# 
EDACKO 
HLOA 
OREQ7 
OREQ5 
0 
0 
0 
0 
0 
0 


vcc 
A22 
A20 
OREQ6 
NA# 
OREQ3 


METAL LID 
0 
0 
0 
0 
0 
0 


A25 
A24 
A23 
OREQ4/ 
OREQ2 
OREQl 


IRQ9# 


0 
0 
0 
0 
0 
0 


A28 
A27 
A26 
OREQO 
IRQ22# 
IRQ23# 
0 
0 
0 
0 
0 
0 


A31 
A29 
A30 
IRQ21# 
IRQ20# 
IRQI9# 
0 
0 
0 
0 
0 
0 


031 
023 
015 
IRQ17# 
IRQ16# 
IRQ18# 
0 
0 
0 
0 
0 
0 


07 
030 
022 
IRQ13# 
IRQ14# 
IRQ15# 
0 
0 
0 
0 
0 
0 
014 
06 
013 
WSCl 
IRQ12# 
IRQ11# 
0 
0 
0 
0 
0 
0 


029 
021 
028 
REAOY# 
CLKIN 
WSCO 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
vcc 
05 
012 
027 
03 
010 
017 
REAOYO# 
HOLD 
W/R# 
o/c# 
CPURST 
RESET 
vcc 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
vss 
020 
04 
019 
026 
02 
09 
016 
024 TOUT1/REf# 
14/10# TOUT3# TOUT2#/IRQ3# vss 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
vcc 
vss 
vcc 
011 
018 
025 
CLK2 
01 
DO 
08 
vss 
vcc 
vss 
vcc 


inter 


Pin/Signal 
Pin/Signal 
Pin/Signal 
Pin/Signal 


A7 
A31 
A8 
031 
P12 
Vcc 
L14 
Vss 
C7 
A30 
B9 
030 
M14 
Vcc 
A1 
Vss 


B7 
A29 
A11 
029 
P1 
Vcc 
P13 
Vss 
A6 
A28 
C11 
028 
P2 
Vcc 
N1 
Vss 


B6 
A27 
012 
027 
P14 
Vcc 
N2 
Vss 


C6 
A26 
E13 
026 
01 
Vcc 
C1 
Vss 
A5 
A25 
F14 
025 
C14 
Vcc 
A3 
Vss 


B5 
A24 
J13 
024 
B1 
Vcc 
B14 
Vss 
C5 
A23 
B8 
023 
A2 
Vcc 
A13 
Vss 
B4 
A22 
C9 
022 
A4 
Vcc 
N14 
Vss 
B3 
A21 
B11 
021 
A12 
Vcc 


C4 
A20 
B13 
020 
A14 
Vcc 
P6 
IRQ23# 


B2 
A19 
013 
019 
N6 
IRQ22# 
C3 
A18 
E14 
018 
G14 
CLK2 
M7 
IRQ21# 


C2 
A17 
G12 
017 
L12 
O/C# 
N7 
IRQ20# 
03 
A16 
H13 
016 
K12 
W/R# 
P7 
IRQ19# 


02 
A15 
C8 
015 
L13 
M/IO# 
P8 
IRQ18# 


E3 
A14 
A10 
014 
K2 
AOS# 
M8 
IRQ17# 
E2 
A13 
C10 
013 
N4 
NA# 
N8 
IRQ16# 
E1 
A12 
C12 
012 
J12 
HOLO 
P9 
IRQ15# 
F3 
A11 
014 
011 
M3 
HLOA 
N9 
IRQ14# 
F2 
A10 
F12 
010 
M6 
OREQO 
M9 
IRQ13# 
F1 
A9 
G13 
09 
P5 
OREQ1 
N10 
IRQ12# 


G1 
A8 
K14 
08 
N5 
OREQ2 
P10 
IRQ11# 
G2 
A7 
A9 
07 
P4 
OREQ3 
M2 
INT 


G3 
A6 
B10 
06 
M5 
OREQ4/IRQ9# 


H1 
A5 
B12 
05 
P3 
OREQ5 
N11 
CLKIN 
H2 
A4 
C13 
04 
M4 
OREQ6 
K13 
TOUT1/REF# 
J1 
A3 
E12 
03 
N3 
OREQ7 
N13 
TOUT2#/IRQ3# 
H3 
A2 
F13 
02 
M13 
TOUT3# 
J2 
BE3# 
H14 
01 
K3 
EOP# 
M11 
REAOY# 
J3 
BE2# 
J14 
00 
L3 
EOACKO 
H12 
REAOYO# 
K1 
BE1# 
M1 
EOACK1 
P11 
WSCO 
L1 
BEO# 
N12 
RESET 
L2 
EOACK2 
M10 
WSC1 
M12 
CPURST 
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12.3 
Package Dimensions and 
Mounting 


The 82380 package is a 132-pin ceramic Pin Grid 
Array (PGA). The pins are arranged 0.100 inch (2.54 
mm) center-to-center, in a 14 x 14 matrix, three rows 
around. 


A wide variety of available sockets allow low inser- 
tion force or zero insertion force mountings, and a 
choice 
of terminals 
such as soldertail, surface 


mount, or wire wrap. Several applicable sockets are 
listed in Figure 12-4. 
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C1N 
#1 
POSITION 


1 
.@@@@@<!)'I@@@@@@@ 


2 
@@@@@@@@@@@@@@ 


3 
@@8@@@@'@@@@8@@ 


4 
@@@ 
@@@ 


5 
@@@ 
@@@ 


6 
@@@ 
I 
@@@ 


7 
@@@ 
+ 
@@@ 


8 
-@@@ 
-- 
-- 
@@@ 


9 
@@@ 
I 
@@@ 


10 
@@@ 
@@@ 


11 
@@@ 
@@@ 


12 
@@8@@@@,@@@@ 
@@ 


13 
@@@@@@@/@@@@@@@ 


14 
@@@@@@@,@@@@@@@ 


t.4 
N 
PIi 
.020 --I 


(0.508) 
• 


C 
D 
E 
f 
G 
H 
J 
K 
l 


.020 (0.508) 
t.4IN TYP 
.070 (1. 777) 
DIA 


TYP BRAZE 
PAD 


1.450 (36.802) 


.725 (18.401) 


.650 (16.497) 


.550 (13.959) 


.450 (11.421) 


.350 (8.883) 


.250 (6.345) 


.150 (3.807) 


.050 (1.269) 
o 


SWEDGE 
PIN 


STANDOff 
(4) 
PLACES 


.001 (0.025) R 


t.4IN TYP 


.018(0.47) 1 


DIA TYP 
_ 


.165(4.189~1 
~ 


.110(2:].J 


• Low insertion 
force 
(L1F) soldertail 


55274-1 
• Amp tests 
indicate 
50% 
reduction 
in insertion 


force 
compared 
to machined 
sockets 


O1her socket 
options 
• Zero 
insertion 
force 
(ZIF) 
soldertail 


55583-1 
• Zero 
insertion 
force 
(ZIF) 
Burn-in 
version 


55573-2 
Amp 
Incorporated 
(Harrisburg, 
PA 17105 
U.S.A. 


Phone 
717-564-0100) 


Peel·A·WayTM 
Mylar 
and Kapton 
Socket 
Terminal 
Carriers 


• Low insertion force surface mount 


CS132-37TG 


• Low insertion 
force 
soldertail 
CS132-0HG 


• Low insertion force wire~wrap 
CS132-02TG 
(two level) 
CS132-03TG 
(three-level) 


• Low insertion force press-fit 
CS132-05TG 


Advanced 
Interconnectlona 
(5 Division 
Street 
Warwick, 
AI 02818 
U.S.A. 


Phone 
401-885-0485) 


290128-97 


Cam handle 
locks 
in low profile 
position 
when 
substrate 
is installed 


(handle 
UP for open 
and DOWN 
for closed 
positions) 


courtesy 
Amp 
Incorporated 


Peel-A-Way 
Carrier 
No. 132; 
Kapton 
Carrier 
is KS132 
Mylar 
Carrier 
is MS 132 


Molded 
Plastic 
Body 
KS 132 


is shown 
below: 
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290128-99 


courtesy 
Advanced 
Interconnections 


(Peel·A-Way 
Terminal 
Carriers 


U.S. Patent 
No. 4442938) 


• Low insertion 
force 
socket 
soldertail 


(for production 
use) 
2XX-6576-00-3308 
(new 
style) 
2XX-6003-00-3302 
(older 
style) 


• Zero 
insertion 
force 
soldertail 
(for test and burn-in 
use) 
2XX-6568-00-3302 


Textool Products 
Electronic 
Products Division/3m 
(1410 
West 
Pioneer 
Drive 
Irving, 
Texas 
75601 
U.S.A. 
Phone 
214-259-2676) 


ee--------ee 
0 
ii-------~~ 
ru 


" 
1.1 
~ 


if 
l!~ 
II 
. 'W 
CJ 
.~------_l~ 
_-------ee 


I 


~ 
Ii. 
I 


290128-AO 


to determine 
whether 
the 82380 
is within the speci- 


fied operating 
range. 
12.4 
Package Thermal Specification 


The 82380 is specified 
for operation 
when case tem- 


perature 
is within the range of OOG-85°G. 
The case 


temperature 
may be measured 
in any environment, 


The PGA case temperature 
should 
be measured 
at 


the center of the top surface 
opposite 
the pins, as in 


Figure 
12.5. 
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Thermal Reslstance-°C/Watt 


Alrflow-f3/mln 
(m3/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


(0) (0.25) (0.50) (1.01) (2.03) (3.04) (4.06) 


8 Junction-to-Case 
2 
2 
2 
2 
2 
2 
2 


(case measured 
as Fig. 6.4) 


8 Case-to-Ambient 
19 
18 
17 
15 
12 
10 
9 


(no heatsink) 


8 Case-to-Ambient 
16 
15 
14 
12 
9 
7 
6 


(with omnidirectional 
heatsink) 


8 Case-to-Ambient 
15 
14 
13 
11 
8 
6 
5 


(with unidirectional 
heatsink) 


NOTES: 
1. Table 6-3 applies to 80386 PGA plugged into socket or soldered 
directly into board. 
2. (JJA = (JJC + (JCA· 
3. (JJ-CAP = 4"C/W 
(approx.) 


(JJ-PIN = 4"C/W 
(inner pins) (approx.) 


(JJ-PIN = 8"C/W (outer pins) (approx.) 


13.1 Power and Grounding 


The large number of output buffers (address, data 
and control) can cause power surges as multiple 
output buffers drive new signal levels simultaneous- 
ly. The 22 Vcc and Vss pins of the 82380 each feed 
separate functional units to minimize switching in- 
duced noise effects. All Vcc pins of the 82380 must 
be connected on the circuit board. 


Liberal decoupling capacitance should be placed 
close to the 82380. The 82380 driving its 32-bit par- 
allel address and data buses at high frequencies can 
cause transient power surges when driving large ca- 
pacitive loads. Low inductance capacitors and inter- 


connects are recommended for the best reliability at 
high frequencies. Low inductance capacitors are 
available specifically for Pin Grid Array packages. 


For reliable operation, ALWAYS connect unused in- 
puts to a valid logic level. As is the case with most 
other CMOS processes, a floating input will increase 
the current consumption of the component and give 
an indeterminate state to the component. 


The 82380 specifications provide sufficient drive ca- 
pability to support the ICE386. On the pins that are 
generally shared between the 80386 and the 82380, 
the additional loading represented by the ICE386 
was allowed for in the design of the 82380. 
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only and functional 
operation 
at these 
or any other 


conditions 
above 
those 
listed 
in the 
operational 


sections 
of this specification 
is not implied. 


13.5 
Maximum Ratings 


Storage Temperature 
- 65°C to + 150°C 


Case temperature 
Under Bias 
- 65°C to + 110°C 


Supply Voltage 
with Respect 
to VSS 
-0.5V 
to +6.5V 


Voltage 
on any other Pin 
-0.5V 
to Vcc 
+0.5V 


Exposure 
to absolute 
maximum 
rating conditions 
for 


extended 
periods 
may affect 
device 
reliability. 
Al- 


though 
the 82380 contains 
protective 
circuitry 
to re- 


set damage 
from 
static 
electric 
discharges, 
always 


take precautions 
against high static voltages 
or elec- 
tric fields. 
NOTE: 
Stress 
above those 
listed above 
may cause perma- 
nent damage 
to the device. 
This is a stress 
rating 


13.6 
D.C. Specifications 


TCASE = O°C to 85°C; Vcc = 5V ± 5%; VSS = OV. 


Table 13-1. 


Symbol 


Vil 


VIH 


VllC 


VIHC 


VOL 


Parameter 


Input Low Voltage 


Input High Voltage 


CLK2 Input Low Voltage 


CLK2 Input High Voltage 


Output Low Voltage 
IOl = 4 mA: 
A2-A31, 
00-031 


IOl = 5 mA: All Others 


Output High Voltage 
IOH = -1 
mA: A2-A31, 


00-031 


IOH = -0.9 
mA: All Others 


Input Leakage Current for 


all ins except: 
IRQ11#-IRQ23#, 
TOUT2/IRQ3#, 
EOP#, 
DR 


Input Leakage Current f~ 
pins: IRQ11 #-IRQ23 
•••."V 
TOUT2 # /IRQ3 # '~~ 
0 


Output Leaka 
rent 


Supply CUr/;en 


Mln 
Max 
Unit 
Notes 


-0.3 
0.8 
V 
(Note 1) 


2.0 
Vcc 
+ 0.3 
V 


-0.3 
0.8 
(Note 1) 


Vcc 
- 
0.8 
Vcc 
+ 0.3* 
V 


p.A 
OV<VIN<VCC 


-300 
p.A 
OV<VIN<VCC 
(Note 3) 


±15 
p.A 
0.45 <VOUT<VCC 


300 
mA 
CLK2 = 32 MHz 


325 
mA 
= 40 MHz 
(Note 4) 


12 
pF 
fc = 1 MHz 
(Note 2) 


20 
pF 
fc = 1 MHz 
(Note 2) 


NOTES: 
1. Minimum value is not 100% tested. 
2. Sampled only. 
3. These pins have internal pullups on them. 
4. Ice is specified with inputs driven to CMOS levels. Ice may be higher if driven to TTl levels. 
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The A.G. specifications given in the following tables 
consist of output delays and input setup require- 
ments. The A.G. diagram's purpose is to illustrate 
the clock edges from which the timing parameters 
are measured. The reader should not infer any other 
timing relationships from them. For specific informa- 
tion on timing relationships between signals, refer to 
the appropriate functional section. 


CLK2 
[ 
2V 


OUTPUTS 
(A2-A31.0/CI/. 
8EOI/-8E31/. 
AOSI/. 
M/IOI/. 
W/RI/. 
LOCKN. HLOA) 


NOTE 2 


[ 
VALlO 
OUTPUT 
n 1.5V 


OUTPUTS 
[ 


(00-031) 


INPUTS 
[ 
(NAN.8S161/. 


INTR.NMI) 


INPUTS 


(REAOYI/. 
HOLO. 
[ 
8USYI/. 
ERRORI/. 
PEREQ,00-031) 


LEGEND: 


®-maximum outputdelayspec 
~inimum 
outputdelayspec 


©-minimum inputsetupspec 
~inimum 
inputhold spec 


A.G. spec measurement is defined in Figure 13.1. 
Inputs must be driven to the levels shown when A.G. 
specifications are measured. 82380 output delays 
are specified with minimum and maximum limits. 
which are measured as shown. The minimum 82380 
output delay times are hold times for external circuit- 
ry. 82380 input setup and hold times are specified as 
minimums and define the smallest acceptable sam- 
pling window. Within the sampling window. a syn- 
chronous input signal must be stable for correct 
82380 operation. 


NOTES: 
~. Input waveforms 
have tr :s; 2.0 ns from 0.8V to 2.0V. 
2. Under rated 
loading 
(120 pF) 386 output 
tr. tf is typically 
:s; 4.0 ns from 0.8V to 2.0V. 


Figure 13-1. Drive Levels and Measurement Points for A.C. Specification 
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A.C. SPECIFICATION 
TABLES 


Functional 
Operating 
Range: Vee = 5V ±5%; 
TeASE = O·C to +85·C 


Table 
13·2.82380 
A.C. Characteristics 


Symbol 
Parameter 
82380·16 
82380·20 
Notes 


Mln 
Max 
Mln 
Max 


Operating 
Frequency 
4MHz 
16 MHz 
4MHz 
20 MHz 
Half CLK2 Frequency 


t1 
CLK2 Period 
31 ns 
125 ns 
25 ns 
125 ns 


t2a 
CLK2 High Time 
9 
8 
at 2.0V 


t2b 
CLK2 High Time 
5 
5 
at (Vee-0.8)V 


t3a 
CLK2 Low Time 
9 
8 
at 2.0V 


t3b 
CLK2 Low Time 
7 
6 
at 0.8V 


t4 
CLK2 Fall Time 
8 
(Vee-0.8)V 
to 0.8V 


t5 
CLK2 Rise Time 
8 
0.8V to (Vee-0.8)V 


A (2-31), 
BE (0-3) 
#. 
EDACK (0-2) 


t6 
Valid Delay 
4 
CL = 120 pF 
t7 
Float Delay 
4 
(Note 1) 


A (2-31), 
BE (0-3) 
# 


t8 
Setup Time 
6 


t9 
Hold Time 
4 


W/R#, 
M/IO#, 
D/C#. 


t10 
Valid Delay 
28 
CL = 75 pF 
t11 
Float Delay 
30 
(Note 1) 
t12 
Setup Time 
t13 
Hold Time 


t14 
28 
CL = 75 pF 
t15 
30 


t16 
t17 


Slave Mode- 
D(0-31) 
Read 
t18 
Valid Delay 
3 
46 
4 
46 
CL = 120 pF 
t19 
Float Delay 
6 
35 
6 
29 
(Note 1) 


Slave Mode- 
D(0-31) 
Write 
t20 
Setup Tir'ne 
31 
29 


t21 
Hold Time 
26 
26 
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Functional Operating Range: Vcc = 5V ±5%; TCASE= O°Cto +85°C. 


Table 
13-2.82380 
A.C. Characteristics 
(Continued) 


t24 
t25 


t26 
t27 


t28 
t29 


t31 
t30 


t32 


t33 


t34 


t35 
t36 


t37a 


t38a 


t37b 


t38b 


t39 


t40 


t41a 
t42a 


t41b 
t42b 


t43 


82380-16 


Mln 
Max 


82380-20 


Mln 
Max 


Master Mod&- 
0(0-31) Write 


Valid Delay 
Float Delay 


Master Mod&- 
0(0-31) Read 


Setup Time 
Hold Time 
11 
11 
6 
6 


21 
12 
* 


4 
4 
4l.. 


2~ 
26~,pT~~ 
~Qf 
4 
~ 
28 


2 
1.i~Q" 
~6 


HOLD Valid Delay 
5 .• 
~33.A 
V~~O 


HLDA Setup Time 
~1 "': i.O~·"'~" 
Hold Time 
•• 
:~~ 


EOP# Setup Time .S!J2A ~ 
17 


EOP# Hold Time••~ 
~.~~O~ 4 


EOP# Setupjifl) 
~ _41~~~~ 
11 


EOP# HO~' 
~ 
~ 
~- 
11 


EOP# -ialid~el 
5 
38 
5 


EOP# Float 
5 
40 
5 


DREQ Setup Time 
21 
19 


Hold Time 
4 
4 


DREQ Setup Time 
11 
11 


Hold Time 
11 
11 


INT Valid Delay 
500 


READY# Setup Time 
Hold Time 


WSC (0-1) Setup 
Hold 


RESETSetup Time 


Hold Time 


READYO# Valid Delay 


CPU Reset From CLK2 


NA# Setup Time 


Hold Time 


CL = 120 pF 
(Note 1) 


CL = 25 pF 


CL = 50 pF 


CL = 100 pF 


From IRQ Input 
CL = 75 pF 
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Table 13·2.82380 
A.C. Characteristics 
(Continued) 


Symbol 
Parameter 
82380·16 
82380·20 
Notes 


Mln 
Max 
Max 


t46 
CLKIN Frequency 
OMHz 
10 MHz 


t47 
CLKIN High Time 
30 
At 1.5V 


t48 
CLKIN Low Time 
50 
At 1.5V 


t49 
CLKIN Rise Time 
0.8V to 2.0V 


t50 
CLKIN Fall Time 
2.0Vto 
0.8V 


t51 
TOUT1/REF# 
Valid 
From CLK2, CL = 25 pF 


t52 
TOUT1/REF# 
Valid 
From CLKIN, CL = 120 pF 


t53 
TOUT2 # Valid Delay 
From CLKIN, CL = 120 pF 
(Falling Edge Only) 


t54 
TOUT2 # Float Delay 
3 
40 
From CLKIN (Note 1) 


t55 
TOUT3# 
Valid Delay 
•. 3 
3 
93 
From CLKIN, CL = 120 pF 


NOTE: 
1. Float condition occurs when the maximum output current becomes less than ILO in magnitude. Float delay is not 
tested. For testing purposes, the float condition occurs when the dynamic output driven voltage changes with current 
loads. 


82380 


OUTPUT~ 


~CL 
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CLK2 


A(2-31). 
BE(O-3)H 


Tx 


CLK2 


. 
T30 
T31 


RESET 


Tx 


CLK2 
t- T33 toliN. 
CPURST 


I--- T33 tolAX. 


290128-A7 


A(2-31). 
BE(O-3)# 
EDACK(O- 2) 


A(2-31). 
BE(O-3)# 
EDACK(O- 2) 
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Port Address 
(HEX) 


00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
OA 
OB 
OC 
OD 
OE 
OF 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
1A 
1B 
1C 
1E 
20 


APPENDIX 
A 
Ports Listed by Address 


Description 


Read/Write 
DMA Channel 0 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
0 Byte Count, BO-B15 
Read/Write 
DMA Channel 
1 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
1 Byte Count, BO-B15 
Read/Write 
DMA Channel 
2 Target Address, 
AO-A15 
Read/Write 
DMA Channel 
2 Byte Count, BO-B15 
Read/Write 
DMA Channel 
3 Target Address, 
AO-A 15 
Read/Write 
DMA Channel 
3 Byte Count, BO-B15 
Read/Write 
DMA Channel 
0-3 
Status/Command 
I Register 
Read/Write 
DMA Channel 
0-3 
Software 
Request 
Register 


Write DMA Channel 
0-3 
Set-Reset 
Mask Register 


Write DMA Channel 
0-3 
Mode Register 
I 
Write Clear Byte-Pointer 
FF 
Write DMA Master-Clear 
Write DMA Channel 
0-3 
Clear Mask Register 
Read/Write 
DMA Channel 
0-3 
Mask Register 
Read/Write 
DMA Channel 
0 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
0 Byte Count, B16-B23 
Read/Write 
DMA Channel 
1 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
1 Byte Count, B16-B23 
Read/Write 
DMA Channel 
2 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
2 Byte Count, B16-B23 


Read/Write 
DMA Channel 
3 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
3 Byte Count, B16-B23 
Write DMA Channel 
0-3 
Bus Size Register 
Read/Write 
DMA Channel 
0-3 
Chaining 
Register 


Write DMA Channel 
0-3 
Command 
Register 
II 
Write DMA Channel 
0-3 
Mode Register 
II 
Read/Write 
Refresh Control 
Register 
Reset Software 
Request 
Interrupt 
Write Bank B ICW1, OCW2, or OCW3 
Read Bank B Poll, Interrupt 
Request 
or In-Service 
Status Register 
Write Bank B ICW2, ICW3, ICW4 or OCW1 
Redd Bank B Interrupt 
Mask Register 
Read Bank B ICW2 
Read/Write 
IRQ8 Vector 
Register 
Read/Write 
IRQ9 Vector 
Register 
Reserved 
Read/Write 
IRQ11 Vector 
Register 
Read/Write 
IRQ12 Vector Register 
Read/Write 
IRQ13 Vector Register 
Read/Write 
IRQ14 Vector Register 
Read/Write 
IRQ15 Vector 
Register 
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APPENDIX 
A-Ports 
Listed by Address 
(Continued) 


PortAddress(HEX) 
Description 


30 
Write BankA ICW1,OCW2or OCW3 
ReadBankA Poll,InterruptRequestor In-Service 


StatusRegister 


31 
Write BankA ICW2,ICW3,ICW4or OCW1 
ReadBankA InterruptMaskRegister 


32 
ReadBankA ICW2 


38 
Read/Write IRQOVector Register 
39 
Read/Write IRQ1VectorRegister 


3A 
Read/Write IRQ1.5Vector Register 


3B 
Read/Write IRQ3VectorRegister 


3C 
Read/Write IRQ4VectorRegister 


3D 
Reserved 


3E 
Reserved 


3F 
Read/Write IRQ7Vector Register 


40 
Read/Write Counter0 Register 
41 
Read/Write Counter1 Register 


42 
Read/Write Counter2 Register 


43 
WriteControlWord RegisterI-Counter 0, 1,2 
44 
Read/WriteCounter3 Register 


45 
Reserved 


46 
Reserved 


47 
WriteWord RegisterII-Counter 3 


61 
Write InternalControlPort 
64 
WriteCPUResetRegister(Data-1111XXXOH) 


72 
Read/WriteWaitState Register0 


73 
Read/WriteWaitState Register1 


74 
Read/WriteWaitState Register2 


75 
Read/Write RefreshWaitState Register 


76 
Reserved 


77 
Reserved 


7D 
Reserved 


7E 
Reserved 


7F 
Read/Write RelocationRegister 
80 
Read/Write InternalDiagnosticPort0 


81 
Read/Write DMAChannel2 TargetAddress,A16-A23 
82 
Read/Write DMAChannel3 TargetAddress,A16-A23 
83 
Read/Write DMAChannel1 TargetAddress,A16-A23 
87 
Read/Write DMAChannel0 TargetAddress,A16-A23 
88 
Read/Write InternalDiagnosticPort 1 


89 
Read/Write DMAChannel6 TargetAddress,A16-A23 
8A 
Read/Write DMAChannel7 TargetAddress,A16-A23 
8B 
Read/Write DMAChannel5 TargetAddress,A16-A23 
8F 
Read/Write DMAChannel4 TargetAddress,A16-A23 


Port Address 
(HEX) 


90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
9A 
9B 
9C 
9D 
9E 
9F 
AO 


Description 


Read/Write 
DMA Channel 
0 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
0 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
1 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
1 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
2 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
2 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
3 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
3 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
4 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
4 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
5 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
5 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
6 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
6 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
7 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
7 Requester 
Address, 
A16-A31 


Write Bank C ICW1, OCW2 or OCW3 
Read Bank C Poll, Interrupt 
Request 
or In-Service 


Status Register 
Write Bank C ICW2, ICW3, ICW4 or OCW1 
Read Bank C Interrupt 
Mask Register 
Read Bank C ICW2 
Read/Write 
IRQ16 Vector Register 
Read/Write 
IRQ17 Vector Register 
Read/Write 
IRQ18 Vector Register 
Read/Write 
IRQ19 Vector Register 
Read/Write 
IRQ20 Vector Register 
Read/Write 
IRQ21 Vector Register 
Read/Write 
IRQ22 Vector Register 
Read/Write 
IRQ23 Vector Register 
Read/Write 
DMA Channel 
4 Target Address, 
AO-A15 


Read/Write 
DMA Channel 
4 Byte Count, BO-B15 


Read/Write 
DMA Channel 
5 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
5 Byte Count, BO-B15 


Read/Write 
DMA Channel 
6 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
6 Byte Count, BO-B15 


Read/Write 
DMA Channel 
7 Target Address, 
AO-A15 


Read/Write 
DMA Channel 
7 Byte Count, BO-B15 


Read DMA Channel 4-7 
Status/Command 
I Register 


Read/Write 
DMA Channel 
4-7 
Software 
Request 
Register 


Write DMA Channel 
4-7 
Set-Reset 
Mask Register 


Write DMA Channel 
4-7 
Mode Register 
I 
Reserved 
Reserved 
Write DMA Channel 
4- 7 Clear Mask Register 
Read/Write 
DMA Channel 
4-7 
Mask Register 


APPENDIX A-Ports 
Listed by Address (Continued) 


PortAddress(HEX) 
Description 


DO 
Read/WriteOMAChannel4 TargetAddress,A24-A31 
01 
Read/WriteOMAChannel4 ByteCount,B16-B23 
02 
Read/WriteOMAChannel5 TargetAddress,A24-A31 
03 
Read/WriteOMAChannel5 ByteCount,B16-B23 
04 
Read/WriteOMAChannel6 TargetAddress,A24-A31 
05 
Read/WriteOMAChannel6 ByteCount,B16-B23 
06 
Read/WriteOMAChannel7 TargetAddress,A24-A31 
07 
Read/WriteOMAChannel7 ByteCount,B16-B23 
08 
WriteOMAChannel4-7 BusSizeRegister 


09 
Read/WriteOMAChannel4-7 ChainingRegister 
OA 
WriteOMAChannel4-7 CommandRegisterII 
DB 
WriteOMAChannel4-7 ModeRegisterII 


APPENDIX 
B 
Ports Listed by Function 


Description 


DMA CONTROLLER 
Write DMA Master-Clear 
Write DMA Clear Byte-Pointer 
FF 


Read/Write 
DMA Channel 
0-3 
Status/Command 
I Register 


Read/Write 
DMA Channel 
4-7 
Status/Command 
I Register 


Write DMA Channel 
0-3 
Command 
Register 
II 
Write DMA Channel 
4-7 
Command 
Register 
II 


Write DMA Channel 
0-3 
Mode Register 
I 
Write DMA Channel 4-7 
Mode Register 
I 
Write DMA Channel 
0-3 
Mode Register 
II 


Write DMA Channel 
4-7 
Mode Register 
II 


Read/Write 
DMA Channel 
0-3 
Software 
Request 
Register 


Read/Write 
DMA Channel 4-7 
Software 
Request 
Register 


Reset Software 
Request 
Interrupt 


Write DMA Channel 
0-3 
Clear Mask Register 
Write DMA Channel 4-7 
Clear Mask Register 
Read/Write 
DMA Channel 
0-3 
Mask Register 
Read/Write 
DMA Channel 
4-7 
Mask Register 
Write DMA Channel 
0-3 
Set-Reset 
Mask Register 


Write DMA Channel 
4-7 
Set-Reset 
Mask Register 


Write DMA Channel 
0-3 
Bus Size Register 
Write DMA Channel 
4-7 
Bus Size Register 


Read/Write 
DMA Channel 
0-3 
Chaining 
Register 


Read/Write 
DMA Channel 
4-7 
Chaining 
Register 


Read/Write 
DMA Channel 
0 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
0 Target Address, 
A 16-A23 


Read/Write 
DMA Channel 0 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
0 Byte Count, BO-B15 


Read/Write 
DMA Channel 
0 Byte Count, B16-B23 


Read/Write 
DMA Channel 
0 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
0 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
1 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
1 Target Address, 
A 16-A23 


Read/Write 
DMA Channel 
1 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
1 Byte Count, BO-B15 


Read/Write 
DMA Channel 
1 Byte Count, B16-B23 


Read/Write 
DMA Channel 
1 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
1 Requester 
Address, 
A16-A31 


inter 


APPENDIX 
B-Ports 
Listed by Function 
(Continued) 


Port Address (HEX) 
Description 


DMA CONTROLLER 


Read/Write 
DMA Channel 
2 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
2 Target Address, 
A 16-A23 


Read/Write 
DMA, Channel 
2 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
2 Byte Count, BO-B15 


Read/Write 
DMA Channel 
2 Byte Count, B16-B23 


Read/Write 
DMA Channel 
2 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
2 Requester 
Address, 
A 16-A31 


Read/Write 
DMA Channel 
3 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
3 Target Address, 
A16-A23 


Read/Write 
DMA Channel 
3 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
3 Byte Count, BO-B15 


Read/Write 
DMA Channel 
3 Byte Count, B16-B23 


Read/Write 
DMA Channel 
3 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
3 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
4 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
4 Target Address, 
A 16-A23 


Read/Write 
DMA Channel 
4 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
4 Byte Count, BO-B15 
Read/Write 
DMA Channel 
4 Byte Count, B16-B23 


Read/Write 
DMA Channel 4 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 4 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
5 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
5 Target Address, 
A16-A23 


Read/Write 
DMA Channel 
5 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
5 Byte Count, BO-B15 
Read/Write 
DMA Channel 
5 Byte Count, B16-B23 


Read/Write 
DMA Channel 
5 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
5 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
6 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
6 Target Address, 
A16-A23 


Read/Write 
DMA Channel 
6 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
6 Byte Count, BO-B15 
Read/Write 
DMA Channel 
6 Byte Count, B16-B23 


Read/Write 
DMA Channel 
6 Requester 
Address, 
AO-A15 


Read/Write 
DMA Channel 
6 Requester 
Address, 
A16-A31 


Read/Write 
DMA Channel 
7 Target Address, 
AO-A 15 


Read/Write 
DMA Channel 
7 Target Address, 
A 16-A23 


Read/Write 
DMA Channel 
7 Target Address, 
A24-A31 


Read/Write 
DMA Channel 
7 Byte Count, BO-B15 


Read/Write 
DMA Channel 
7 Byte Count, B16-B23 


Read/Write 
DMA Channel 
7 Requester 
Address, 
AO-A 15 


Read/Write 
DMA Channel 
7 Requester 
Address, 
A 16-A31 


inter 


APPENDIX B-Ports 
Listed by Function (Continued) 


PortAddress(HEX) 
Description 


INTERRUPT 
CONTROLLER 


20 
Write BankB ICW1,OCW2,or OCW3 
ReadBankB Poll,InterruptRequestor In-Service 
StatusRegister 
21 
Write BankB ICW2,ICW3,ICW4or OCW1 
ReadBank B InterruptMask Register 
22 
ReadBankB ICW2 
28 
Read/Write IRQ8Vector Register 
29 
Read/Write IRQ9Vector Register 
2A 
Reserved 
2B 
Read/Write IRQ11Vector Register 
2C 
Read/Write IRQ12Vector Register 
20 
Read/Write IRQ13Vector Register 
2E 
Read/Write IRQ14Vector Register 
2F 
Read/Write IRQ15Vector Register 
AO 
Write BankC ICW1,OCW2or OCW3 
ReadBankC Poll,InterruptRequestor In-Service 
StatusRegister 
A1 
Write BankC ICW2,ICW3,ICW4or OCW1 
ReadBankC InterruptMask Register 
A2 
ReadBankC ICW2 
A8 
Read/Write IRQ16Vector Register 
A9 
Read/Write IRQ17Vector Register 
AA 
Read/Write IRQ18Vector Register 
AB 
Read/Write IRQ19Vector Register 
AC 
Read/Write IRQ20Vector Register 
AD 
Read/Write IRQ21Vector Register 
AE 
Read/Write IRQ22Vector Register 
AF 
Read/Write IRQ23Vector Register 
30 
Write BankA ICW1,OCW2or OCW3 
ReadBankA Poll,InterruptRequestoor In-Service 
StatusRegister 
31 
Write BankA ICW2,ICW3,ICW4or OCW1 
ReadBankA InterruptMaskRegister 
32 
ReadBankA ICW2 
38 
Read/Write IRQOVector Register 
39 
Read/Write IRQ1Vector Register 
3A 
Read/Write IRQ1.5Vector Register 
3B 
Read/Write IRQ3Vector Register 
3C 
Read/Write IRQ4Vector Register 
3D 
Reserved 
3E 
Reserved 
3F 
Read/Write IRQ7Vector Register 


inter 


APPENDIX 
B-Ports 
Listed by Function 
(Continued) 


PortAddress(HEX) 
Description 


PROGRAMMABLE 
INTERVAL 
TIMER 


40 
Read/WriteCounter0 Register 


41 
Read/WriteCounter1 Register 


42 
Read/WriteCounter2 Register 


43 
WriteControlWordRegisterl-Counter 0, 1,2 
44 
Read/WriteCounter3 Register 


47 
WriteWordRegisterII-Counter 3 


CPU RESET 


64 
WriteCPUResetRegister(Data-1111XXXOH) 


WAIT STATE GENERATOR 


72 
Read/WriteWaitState Register0 


73 
Read/WriteWaitState Register1 


74 
Read/WriteWaitState Register2 


75 
Read/Write RefreshWaitState Register 


DRAM REFRESH 
CONTROLLER 


1C 
Read/Write RefreshControlRegister 


INTERNAL 
CONTROL 
AND DIAGNOSTIC 
PORTS 


61 
Write InternalControlPort 


80 
Read/Write InternalDiagnosticPort0 
88 
Read/Write InternalDiagnosticPort 1 


RELOCATION 
REGISTER 


7F 
Read/Write RelocationRegister 


INTEL RESERVED 
PORTS 


Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 
Reserved 


inter 


APPENDIX 
C 
Pin Descriptions 


The 82380 
provides 
all of the signals 
necessary 
to 


interface 
it to an 80386 
processor. 
It has separate 


32-bit 
address 
and data buses. 
It also has a set of 


control 
signals to support 
operation 
as a bus master 


or a bus slave. Several 
special function 
signals exist 


on the 82380 for interfacing 
the system 
support 
pe- 
ripherals 
to 
their 
respective 
system 
counterparts. 
Following 
are the definitions 
of the individual 
pins of 


the 82380. 
These 
brief descriptions 
are provided 
as 


a reference. 
Each signal is further 
defined 
within the 


sections 
which describe 
the associated 
82380 func- 


tion. 


This 
is the 32-bit 
address 
bus. The addresses 
are 


doubleword 
memory 
and I/O addresses. 
These 
are 


three-state 
signals which are active only during Mas- 


ter mode. 
The address 
lines should 
be connected 


directly 
to the 80386's 
local bus. 


BEO# active indicates 
that data bits 00-07 
are be- 


ing accessed 
or are valid. It is connected 
directly 
to 


the 80386's 
BEO #. The byte enable 
signals are ac- 


tive outputs 
when the 82380 
is in the Master 
mode. 


BE1 # 
active 
indicates 
that 
data 
bits 
08- 
015 
are 


being accessed 
or are valid. It is connected 
directly 


to the 80386's 
BE1 #. The byte enable 
signals 
are 


active 
only when the 82380 
is in the Master 
mode. 


BE2 # active 
indicates 
that data bits 015- 
023 
are 


being accessed 
or are valid. It is connected 
directly 


to the 80386's 
BE2 #. The byte enable 
signals 
are 


active only when the 82380 
is in the Master 
mode. 


BE3# 
active 
indicates 
that data bits 024-031 
are 


being accessed 
or are valid. The byte enable signals 


are active 
only 
when 
the 
82380 
is in the 
Master 


mode. This pin should 
be connected 
directly 
to the 


80386's 
BE3 #. This 
pin is used for factory 
testing 


and 
must 
be 
low 
during 
reset. 
The 
80386 
drives 


BE3 # low during reset. 


This 
is the 32-bit 
data 
bus. These 
pins 
are active 


outputs 
during interrupt 
acknowledges, 
during Slave 


accesses, 
and 
when 
the 
82380 
is in the 
Master 


mode. 


This 
pin must 
be connected 
to CLK2. 
The 
82380 


monitors 
the phase 
of this clock 
in order to remain 


synchronized 
with the 80386. This clock drives all of 


the internal 
synchronous 
circuitry. 


O/C# 
is used to distinguish 
between 
80386 
control 


cycles 
and OMA or 80386 
data access 
cycles. 
It is 


active as an output 
only in the Master 
mode. 


W/R# 
is used to distinguish 
between 
write and read 


cycles. 
It is active 
as an output 
only in the Master 


mode. 


M/IO# 
is used to distinguish 
between 
memory 
and 


10 accesses. 
It is active 
as an output 
only 
in the 


Master 
mode. 


This signal indicates 
presence 
of a valid address 
on 


the address 
bus. It is active 
as output 
only 
in the 


Master mode. AOS# 
is active during the first T-state 


where addresses 
and control 
signals 
are valid. 


Asserted 
by a peripheral 
or memory 
to begin a pipe- 
lined address 
cycle. This pin is monitored 
only while 


the 82380 is in the Master mode. In the Slave mode, 
pipelining 
is determined 
by the 
current 
and 
past 


status of the AOS# 
and REAOY# 
signals. 


inter 


This is an active-high signal to the 80386 to request 
control of the system bus. When control is granted, 
the 80386 activates the hold acknowledge signal 
(HLDA). 


This input signal tells the DMA controller that the 
80386 has relinquished control of the system bus to 
the DMA controller. 


The DMA Request inputs monitor requests from pe- 
ripherals requiring DMA service. Each of the eight 
DMA channels has one DREQ input. These active- 
high inputs are internally synchronized and priori- 
tized. Upon reset, channel 0 has the highest priority 
and channel 7 the lowest. 


DREQ4/IRQ9# 
QUEST 


This is the DMA request input for channel 4. It is also 
connected to the interrupt controller via interrupt re- 
quest 9. This internal connection is available for 
DMA channel 4 only. The interrupt input is active low 
and can be programmed as either edge of level trig- 
gered. Either function can be masked by the appro- 
priate mask register. Priorities of the DMA channel 
and the interrupt request are not related but follow 
the rules of the individual controllers. 


Note that this pin has a weak internal pull-up. This 
causes the interrupt request to be inactive, but the 
DMA request will be active if there is no external 
connection made. Most applications will require that 
either one or the other of these functions be used, 
but not both. For this reason, it is advised that DMA 
channel 4 be used for transfers where a software 
request is more appropriate (such as memory-to- 
memory transfers). In such an application, DREQ4 
can be masked by software, freeing IRQ9# for other 
purposes. 


As an output, this signal indicates that the current 
Requester access is the last access of the currently 
operating DMA channel. It is activated when Termi- 
nal Count is reached. As an input, it signals the DMA 
channel to terminate the current buffer and procede 
to the next buffer, if one is available. This signal may 
be programmed as an asynchronous or synchro- 
nousinput. 


EOP# must be connected to a pull-up resistor. This 
will prevent erroneous external requests for termina- 
tion of a DMA process. 


EDACK (0-2) 
0 
ENCODED DMA ACKNOWL- 


EDGE 


These signals contain the encoded acknowledge- 
ment of a request for DMA service by a peripheral. 
The binary code formed by the three signals indi- 
cates which channel is active. Channel 4 does not 
have a DMA acknowledge. The inactive state is indi- 
cated by the code 100. During a Requester access, 
EDACK presents the code for the active DMA chan- 
nel. During a Target access, EDACK presents the 
inactive code 100. 


These are active low interrupt request inputs. The 
inputs can be programmed to be edge or level sensi- 
tive. Interrupt priorities are programmable as either 
fixed or rotating. These inputs have weak internal 
pull-up resistors. Unused interrupt request inputs 
should be tied inactive externally. 


INT signals the 80386 that an interrupt request is 
pending. 


This is the clock input signal to all of the 82380's 
programmable timers. It is independent of the sys- 
tem clock input (CLK2). 


This pin is software programmable as either the di- 
rect output of Timer 1, or as the indicator of a refresh 
cycle in progress. As REF#, this signal is active dur- 
ing the memory read cycle which occurs during re- 
fresh. 


TOUTU/IRQ3# 
I/O 
TIMER 
2 
OUTPUT/IN- 


TERRUPT REQUEST 


This is the inverted output of Timer 2. It is also con- 
nected directly to interrupt request 3. External hard- 
ware can use IRQ3# if Timer 2 is programmed as 
OUT= 0 (TOUTU = 1) 


inter 


This active-low input indicates to the 82380 that the 
current bus cycle is complete. READY is sampled by 
the 82380 both while it is in the Master mode, and 
while it is in the Slave mode. 


WSCOAND WSC1 are inputs used by the Wait-State 
Generator to determine the number of wait states 
required by the currently accessed memory or I/O. 
The binary code on these ins, combined with the M/ 
10# signal, selects an internal register in which a 
wait-state count is stored. The combination WSC = 
11 disables the wait-state generator. 


This is the synchronized output of the wait-state 
generator. It is also valid during 80386 accesses to 
the 82380 in the Slave Mode when the 82380 reo 
quires wait states. READYO# should feed directly 
the 80386's READY# input. 


This synchronous input serves to initialize the state 
of the 82380 and provides basis for the CPURST 
output. RESET must be held active for at least 15 
CLK2 cycles in order to guarantee the state of the 
82380. After Reset, the 82380 is in the Slave mode 
with all outputs except timers and interrupts in their 
inactive states. The state of the timers and interrupt 
controller must be initialized through software. This 
input must be active for the entire time required by 
the 80386 to guarantee proper reset. 


CPURST provides a synchronized reset signal for 
the CPU. It is activated in the event of a software 
reset command, an 80386 shut-down detect, or a 
hardware reset via the RESET pin. The 82380 holds 
CPURST active for 62 clocks in response to either a 
software reset command or a shut-down detection. 
Otherwise CPURST reflects the RESET input. 


Vcc 
+ 5V input power 
Vss 
Ground 


Port 
Walt-State 
Registers 
Select 
Inputs 
Address 
07 
04 
03 
00 
WSC1 
WSCO 


72H 
Memory 0 
1/00 
0 
0 
73H 
Memory 1 
I/O 1 
0 
1 
74H 
Memory 2 
I/O 2 
1 
1 


DISABLED 
1 
1 


M/IO# 
1 
0 


inter 


82385 
HIGH PERFORMANCE 


32-BIT CACHE CONTROLLER 


• Improves 
80386 System 
Performance 
• Synchronous 
Dual Bus Architecture 
- 
Reduces 
Average 
CPU Wait States 
to 
- 
Bus Watching 
Maintains 
Cache 
Nearly Zero 
Coherency 


- 
Zero Wait State Read Hit 
• Maps Full 80386 Address 
Space 
- 
Zero Walt State Posted 
Writes 
(4 Gigabytes) 


- 
Allows Other Masters 
to Access the 


System 
Bus More Readily 
• Flexible Cache 
Mapping 
Policies 
• Hit Rates up to 99% 


- 
Direct Mapped 
or 2-Way 
Set 


Associative 
Cache Organization 
• Optimized 
as 80386 Companion 
- 
Supports 
Non-Cacheable 
Memory 
- 
Simple 80386 Interface 
Space 


- 
Part of 386-Based 
Compute 
Engine 
- 
Unified Cache for Code and Data 
Including 
80387 Numerics 
• Integrates 
Cache 
Directory 
and Cache 
Coprocessor 
and 82380 Integrated 
Management 
Logic 
System 
Peripheral 
- 
16 MHz and 20 MHz Operation 
• High Speed CHMOS 
'" Technology 
• Software 
Transparent 
• 132-Pln PGA Package 


The 82385 Cache Controller 
is a high performance 
32·bit peripheral 
for Intel's 80386 Microprocessor. 
It stores 
a copy of frequently 
accessed 
code and data from main memory 
in a zero wait state local cache memory. 
The 
82385 
enables 
the 80386 
to run at its full potential 
by reducing 
the average 
number 
of CPU wait states 
to 
nearly zero. The dual bus architecture 
of the 82385 allows other masters to access system resources 
while the 
80386 
operates 
locally 
out of its cache. 
In this situation, 
the 82385's 
"bus watching" 
mechanism 
preserves 
cache 
coherency 
by monitoring 
the system 
bus address 
lines at no cost to system 
or local throughput. 


The 82385 
is completely 
software 
transparent, 
protecting 
the integrity 
of system 
software. 
High performance 
and board savings 
are achieved 
because 
the 82385 
integrates 
a cache directory 
and all cache 
management 
logic on one chip. 


82385 
LOCAL 
BUS CONTROL 


BUS 
ARBITRATION 
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80386 
ADDRESS BUS 


SNOOP BUS 


80386 
LOCAL 
BUS CONTROL 


80386 
LOCAL 
BUS DECODES 
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82385 
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inter 


The 82385 Cache Controller is a high performance 
32-bit peripheral for Intel's 80386 microprocessor. 
This chapter provides an overview of the 82385, and 
of the basic architecture and operation of an 803861 
82385 system. 


The main function of a cache memory system is to 
provide fast local storage for frequently accessed 
code and data. The cache system intercepts 80386 
memory references to see if the required data re- 
sides in the cache. If the data resides in the cache (a 
hit), it is returned to the 80386 without incurring wait 
states. If the data is not cached (a miss), the refer- 
ence is forwarded to the system and the data re- 
trieved from main memory. An efficient cache will 
yield a high "hit rate" (the ratio of cache hits to total 
80386 accesses), such that the majority of accesses 
are serviced with zero wait states. The net effect is 
that the wait states incurred in a relatively infrequent 
miss are averaged over a large number of accesses, 
resulting in an average of nearly zero wait states per 
access. Since cache hits are serviced locally, a 
processor operating out of its local cache has a 
much lower "bus utilization" which reduces system 
bus bandwidth requirements, making more band- 
width available to other bus masters. 


The 82385 Cache Controller integrates a cache di- 
rectory and all cache management logic required to 
support an external 32 Kbyte cache. The cache di- 


rectory structure is such that the entire physical ad- 
dress range of the 80386 (4 Gigabytes) is mapped 
into the cache. Provision is made to allow areas of 
memory to be set aside a non-cacheable. The user 
has two cache organization options: direct mapped 
and 2-way set associative. Both provide the high hit 
rates necessary to make a large, relatively slow 
main memory array look like a fast, zero wait state 
memory to the 80386. 


A good hit rate is an essential ingredient of a suc- 
cessful cache implementation. Hit rate is the mea- 
sure of how efficient a cache is in maintaining a copy 
of the most frequently requested code and data. 
However, efficiency is not the only factor for per- 
formance consideration. Just as essential are sound 
cache management policies. These policies refer to 
the handling of 80386 writes, preservation of cache 
coherency, and ease of system design. The 82385's 
"posted 
write" 
capability allows the majority of 


80386 writes, including non-cacheable 
and 
1/0 


writes, to run with zero wait states, and the 82385's 
"bus watching" mechanism preserves cache coher- 
ency with no impact on system performance. Physi- 
cally, the 82385 ties directly to the 80386 with virtu- 
ally no external logic. 


1.2 SYSTEM 
OVERVIEW 
I: BUS 


STRUCTURE 


A good grasp of the bus structure of an 803861 
82385 system is essential in understanding both the 
82385 and its role in an 80386 system. The following 
is a description of this structure. 


I 
80386 
LOCAL BUS 


~ 


inter 


1.2.1 80386 Local Bus/82385 
Local 


Bus/System 
Bus 


Figure 1-1 depicts the bus structure of a typical 
80386 system. The "80386 Local Bus" consists of 
the physical 80386 address, data, and control bus- 
ses. The local address and data busses are buffered 
and/or latched to become the "system" 
address 


and data busses. The local control bus is decoded 
by bus control logic to generate the various system 
bus read and write commands. 


The addition of an 82385 Cache Controller causes a 
separation of the 80386 bus into two distinct busses: 
the actual 80386 local bus and the "82385 Local 
Bus" (Figure 1-2). The 82385 local bus is designed 
to look like the front end of an 80386 by providing 
82385 local bus equivalents to all appropriate 80386 
signals. The system ties to this "80386-like" front 
end just as it would to an actual 80386. The 80386 
simply sees a fast system bus, and the system sees 
an 80386 front end with low bus bandwidth require- 
ments. The cache subsystem is transparent to both. 
Note that the 82385 local bus is not simply a buff- 
ered version of the 80386 bus, but rather is distinct 
from, and able to operate in parallel with the 80386 
bus. Other masters residing on either the 82385 lo- 
cal bus or system bus are free to manage system 
resources while the 80386 operates out of its cache. 


The 82385 
presents the 
"80386-like" 
interface 


which is called the 82385 local bus. Whereas the 
80386 provides a Hold Request/Hold Acknowledge 
bus arbitration mechanism via its HOLD and HLDA 
pins, the 82385 provides an equivalent mechanism 
via its BHOLD and BHLDA pins. (These signals are 
described in section 3.7.) When another master re- 
quests the 82385 local bus, it issues the request to 
the 82385 via BHOLD. Typically, at the end of the 
current 82385 local bus cycle, the 82385 will release 
the 82385 local bus and acknowledge the request 
via BHLDA. The 80386 is of course free to continue 
operating on the 80386 local bus while another mas- 
ter owns the 82385 local bus. 


1.2.3 
Master/Slave 
Operation 


The above 82385 local bus arbitration discussion is 
strictly true only when the 82385 is programmed for 
"Master" mode operation. The user can, however, 
configure the 82385 for "Slave" 
mode operation. 


(Programming is done via a hardware strap option.) 
The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode; BHOLD is now an output indi- 
cating a request to control the bus, and BHLDA is an 
input indicating that a request has been granted. An 
82385 programmed in slave mode drives the 82385 
local bus only when it has requested and subse- 
quently been granted bus control. This allows multi- 
ple 80386/82385 subsystems to reside on the same 
82385 local bus (Figure 1-3). 
1 
80386 


LOCAL 
BUS 


~ 
8238S 
LOCAL 
BUS 
~ 
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1.2.4 Cache Coherency 


Ideally, a cache contains a copy of the most heavily 
used portions of main memory. To maintain cache 
"coherency" is to make sure that this local copy is 
identical to main memory. In a system where multi- 
ple masters can access the same memory, there is 
always a risk that one master will alter the contents 
of a memory location that is duplicated in the local 
cache of another master. (The cache is said to con- 
tain "stale" data.) One rather restrictive solution is to 
not allow cache subsystems to cache shared memo- 
ry. Another simple solution is to flush the cache any- 
time another master writes to system memory. How- 
ever, this can seriously degrade system perform- 
ance as excessive cache flushing will reduce the hit 
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rate of what may otherwise be a highly efficient 
cache. 


The 82385 preserves cache coherency via "bus 
watching" (also called snooping), a technique that 
neither impacts performance nor restricts memory 
mapping. An 82385 that is not currently bus master 
monitors system bus cycles, and when a write cycle 
by another master is detected (a snoop), the system 
address is sampled and used to see if the refer- 
enced location is duplicated in the cache. If so (a 
snoop hit), the corresponding cache entry is invali- 
dated, which will force the 80386 to fetch the up-to- 
date data from main memory the next time it access- 
es this modified location. Figure 1-4 depicts the gen- 
eral form of bus watching. 
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Figure 1·4. 82385 Bus Watching-Monitor 
System Bus Write Cycles 
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1.3 SYSTEM 
OVERVIEW 
II: BASIC 


OPERATION 


This discussion is an overview of the basic operation 
of an 80386/82385 system. Items discussed include 
the 82385's response to all 80386 cycles, including 
interrupt acknowledges, halts, and shutdowns. Also 
discussed are non-cacheable and local accesses. 


1.3.1 80386 Memory Code and Data 


Read Cycles 


When the 80386 initiates a memory code or data 
read cycle, the 82385 compares the high order bits 
of the 80386 address bus with the appropriate ad- 
dresses (tags) stored in its on-chip directory. (The 
directory structure is described in chapter 2.) If the 
82385 determines that the requested data is in the 
cache, it issues the appropriate control signals that 
direct the cache to drive the requested data onto the 
80386 data bus, where it is read by the 80386. The 
82385 terminates the 80386 cycle without inserting 
any wait states. 


If the 82385 determines that the requested data is 
not in the cache, the request is forwarded to the 
82385 local bus and the data retrieved from main 
memory. As the data returns from main memory, it is 
directed to the 80386 and also written into the 
cache. Concurrently, the 82385 updates the cache 
directory such that the next time this particular piece 
of information is requested by the 80386, the 82385 
will find it in the cache and return it with zero wait 
states. 


The basic unit of transfer between main memory and 
cache memory in a cache subsystem is called the 
line size. In an 82385 system, the line size is one 32- 
bit aligned doubleword. During a read miss, all four 
82385 local bus byte enables are active. This en- 
sures that a full 32-bit entry is written into the cache. 
(The 80386 simply ignores what it did not request.) 
In any other type of 80386 cycle that is forwarded to 
the 82385 local bus, the logic levels of the 80386 
byte enables are duplicated on the 82385 local bus. 


The 82385 does not actively fetch main memory 
data independently of the 80386. The 82385 is es- 
sentially a passive device which only monitors the 
address bus and activates control signals. The read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. 


In an isolated read miss, the number of wait states 
seen by the 80386 is that required by the system 
memory to respond with data plus the cache com- 
parison cycle (hit/miss decision). The cache system 
must determine that the cycle is a miss before it can 
begin the system memory access. However, since 
misses most often occur consecutively, the 82385 
will begin 80386 address pipelined cycles to effec- 
tively "hide" the comparison cycle beyond the first 
miss (refer to section 4.1.3). 


The 82385 can execute a main memory access on 
the 82385 local bus only if it currently owns the bus. 
If not, an 82385 in master mode will run the cycle 
after the current master releases the bus. An 82385 
in slave mode will issue a hold request, and will run 
the cycle as soon as the request is acknowledged. 
(This is true for any read or write cycle that needs to 
run on the 82385 local bus.) 


The 82385's "posted write" capability allows the 
majority of 80386 memory write cycles to run with 
zero wait states. The primary memory update policy 
implemented in a posted write is the traditional 
cache "write through" technique, which implies that 
main memory is always updated in any memory write 
cycle. If the referenced location also happens to re- 
side in the cache (a write hit), the cache is updated 
as well. 


Beyond this, a posted write latches the 80386 ad- 
dress, data, and cycle definition signals, and the 
80386 local bus cycle is terminated without any wait 
states, even though the corresponding 82385 local 
bus cycle is not yet completed, or perhaps not even 
started. A posted write is possible because the 
82385's bus state machine, which is almost identical 
to the 80386 bus state machine, is able to run 82385 
local bus cycles independently of the 80386. The 
only time the 80386 sees wait states in a write cycle 
is when a previously latched write has not yet been 
completed on the 82385 local bus. An 80386 write 
can be posted even if the 82385 does not currently 
own the 82385 local bus. In this case, an 82385 in 
master mode will run the cycle as soon as the cur- 
rent master releases the bus, and an 82385 in slave 
mode will request the bus and run the cycle when 
the request is acknowledged. The 80386 is free to 
continue operating out of its cache (on the 80386 
local bus) during this time. 


1.3.3 
Non-Cacheable 
Cycles 


Non-cacheable cycles fall into one of two catego- 
ries: cycles decoded as non-cacheable, and cycles 


inter 


that are by default non-cacheable according to the 
82385's design. All non-cacheable cycles are for- 
warded to the 82385 local bus. Non-cacheable cy- 
cles have no effect on the cache or cache directory. 


The 82385 allows the system designer to define ar- 
eas of main memory as non-cacheable. The 80386 
address bus is decoded and the decode output is 
connected to the 82385's non-cacheable access 
(NCA#) input. This decoding is done in the first 
80386 bus state in which the non-cacheable cycle 
address becomes available. Non-cacheable read cy- 
cles resemble cacheable read miss cycles, except 
that the cache and cache directory are unaffected. 
Non-cacheable writes, like all writes, are posted. 


The 82385 defines certain cycles as non-cacheable 
without using its non-cacheable access input. These 
include I/O cycles, interrupt acknowledge cycles, 
and halt/shutdown cycles. I/O reads and interrupt 
acknowledge cycles execute as any other non- 
cacheable read. I/O write cycles and Halt/Shut- 
down cycles, as with other non-cacheable writes, 
are posted. During a halt/shutdown condition, the 
82385 local bus duplicates the behavior of the 
80386, including the ability to recognize and respond 
to a BHOLD request. (The 82385's bus watching 
mechanism is functional in this condition.) 


The 82385 does not cache 16-bit memory space (as 
decoded by the 80386 BS16# 
input), but does 


make provisions to handle 16-bit space as non- 
cacheable. (There is no 82385 equivalent to the 
80386 BS16# input.) In a system without an 82385, 
the 80386 BS16# input need not be asserted until 
the last state of a 16-bit cycle for the 80386 to rec- 
ognize it as such (unless NA# is sampled active ear- 
lier in the cycle.) The 82385, however, needs this 
information earlier, specifically at the end of the first 
80386 bus state in which the address of the 16-bit 
cycle becomes available. The result is that in a sys- 
tem without an 82385, 16-bit devices can inform the 
80386 that they are 16-bit devices "on the fly," 


while in a system with an 82385, devices decoded 
as 16-bit (using the 80386 BS16#) must be located 
in address space set aside for 16-bit devices. If 16- 
bit space is decoded according to 82385 guidelines 
(as described later in the data sheet), then the 
82385 will handle 16-bit cycles just like the 80386 
does, inclUdingeffectively locking the two halves of 
a non-aligned 16-bit transfer from interruption by an- 
other master. 


80386 Local Bus Cycles are accesses to resources 
on the 80386 local bus rather than to the 82385 it- 
self. The 82385 simply ignores these accesses: they 
are neither forwarded to the system nor do they af· 
fect the cache. The designer sets aside memory 
and/or I/O space for local resources by decoding 
the 80386 address bus and feeding the decode to 
the 82385's local bus access (LBA#) input. The de- 
signer can also decode the 80386 cycle definition 
signals to keep specific 80386 cycles from being for- 
warded to the system. For example, a multi-proces- 
sor design may wish to capture and remedy an 
80386 shutdown locally without having it detected 
by the rest of the system. Note that in such a design, 
the local shutdown cycle must be terminated by lo- 
cal bus control logic. The 80387 Numerics Coproc- 
essor is considered an 80386 local bus resource, 
but it need not be decoded as such by the user since 
the 82385 is able to internally recognize 80387 ac- 
cesses via the M/IO# 
and A31 pins. 


1.3.5 Summary of 82385 Response 
to 


All 80386 Cycles 


Table 1-1 summarizes the 82385 response to all 
80386 bus CYCles,as conditioned by whether or not 
the cycle is decoded as local or non-cacheable. The 
table describes the impact of each cycle on the 
cache and on the cache directory, and whether or 
not the cycle is forwarded to the 82385 local bus. 
Whenever the 82385 local bus is marked "IDLE", it 
implies that this bus is available to other masters. 


80386 Bus Cycle 
Definition 


Table 1-1.82385 Response to 80386 Cycles 


82385 Response 
82385 Response 
when Decoded 
when Decoded 
as Cacheable 
as Non-Cacheable 


82385 Response when 
Decoded as an 80386 
Local Bus Access 


M/IO# 
D/C# 
W/R# 
80386 
Cache 
Cache 
82385 
Cache 
Cache 
82385 
Cache 
Cache 
82385 
Cycle 
Directory 
Local Bus 
Directory 
Local Bus 
Directory 
Local Bus 


0 
0 
0 
INTACK 
N/A 
- 
- 
INT ACK 
- 
- 
INTACK 
- 
- 
IDLE 


0 
0 
1 
UNDEFINED 
N/A 
UNDEFINED 
UNDEFINED 
IDLE 


0 
1 
0 
I/O READ 
N/A 
- 
- 
I/O READ 
- 
- 
I/O READ 
- 
- 
IDLE 


0 
1 
1 
I/O WRITE 
N/A 
- 
- 
I/O WRITE 
- 
- 
I/O WRITE - 
- 
IDLE 


HIT 
CACHE 
IDLE 
MEM 
MEMCODE 
READ 
- 
1 
0 
0 
READ 
- 
- 
CODE 
- 
- 
IDLE 


MISS CACHE 
DATA 
MEMCODE 
READ 
WRITE VALIDATION 
READ 


1 
0 
1 
HALT/ 
N/A 
HALT/ 
HALT/ 
IDLE 
SHUTDOWN 
- 
- 
SHUTDOWN - 
- 
SHUTDOWN - 
- 


HIT 
CACHE 
IDLE 
MEM 
MEMDATA 
READ 
- 
1 
1 
0 
READ 
- 
- 
DATA 
- 
- 
IDLE 


MISS CACHE 
DATA 
MEMDATA 
READ 
WRITE VALIDATION 
READ 


HIT 
CACHE 
MEMDATA 
MEM 
MEM DATA 
WRITE 
- 
WRITE 
1 
1 
1 
WRITE 
- 
- 
DATA 
- 
- 
IDLE 
MEMDATA 
WRITE 
MISS 
- 
- 
WRITE 


NOTES: 
• A dash (-) 
indicates 
that the cache 
and cache 
directory 
are unaffected. 
This table does not reflect 
how an access 
affects 
the LRU bit. 


• An "IDLE" 
82385 
Local Bus implies 
that this bus is available 
to other 
masters. 
• The 82385's 
response 
to 80387 
accesses 
is the same as when decoded 
as an 80386 
Local 
Bus access. 


• The only other operations 
that affect 
the cache 
directory 
are: 


1. RESET or Cache 
Flush-all 
tag valid bits cleared. 
2. Snoop 
Hit~orresponding 
line valid bit cleared. 


inter 


1.3.6 
Bus Watching 


As previously discussed, the 82385 "qualifies" an 
80386 bus cycle in the first bus state in which the 
address and cycle definition signals of the cycle be- 
come available. The cycle is qualified as read or 
write, cacheable or non-cacheable, etc. Cacheable 
cycles are further classified as hit or miss according 
to the results of the cache comparison, which ac- 
cesses the 82385 directory and compares the ap- 
propriate directory 
location 
(tag) to the current 
80386 address. If the cycle turns out to be non- 
cacheable or a 80386 local bus access, the hit/miss 
decision is ignored. The cycle qualification requires 
one 80386 state. Since the fastest 80386 access is 
two states, the second state can be used for bus 
watching. 


When the 82385 does not own the system bus, it 
monitors system bus cycles. If another master writes 
into main memory, the 82385 latches the system ad- 
.dress and executes a cache look-up to see if the 
altered main memory location resides in the cache. 
If so (a snoop hit), the cache entry is marked invalid 
in the cache directory. Since the directory is at most 
only being used every other state to qualify 80386 
accesses, snoop look-ups are interleaved between 
80386 local bus look-ups. The cache directory is 
time multiplexed between the 80386 address and 
the latched system address. The result is that all 
snoops are caught and serviced without slowing 
down the 80386, even when running zero wait state 
hits on the 80386 local bus. 


The 82385 offers a cache flush input. When activat- 
ed, this signal causes the 82385 to invalidate all 
data which had previously been cached. Specifically, 


all tag valid bits are cleared. (Refer to the 82385 
directory structure in chapter 2.) Therefore, the 
cache is effectively empty and subsequent cycles 
are misses until the 80386 begins repeating the new 
accesses (hits). The primary use of the FLUSH input 
is for diagnostics and multi-processor support. 


NOTE: 
The use of this pin as a coherency mechanism may 
impact software transparency. 


The 82385 supports two cache organizations: a sim- 
ple direct mapped organization and a slightly more 
complex, higher performance two way set associa- 
tive organization. The choice is made by strapping 
an 82385 input (2W/D#) 
either high or low. This 
chapter describes the structure and operation of 
both organizations. 


2.1.1 
Direct Mapped Cache Structure 
and Terminology 


Figure 2-1 depicts the relationship between the 
82385's internal cache directory, the external cache 
memory, and the 80386's 4 Gigabyte physical ad- 
dress space. The 4 Gigabytes can conceptually be 
thought of as cache "pages" each being 8K double- 
words (32 Kbytes) deep. The page size matches the 
cache size. The cache can be further divided into 
1024 (0 thru 1023) sets of eight doublewords (8 x 32 
bits). Each 32-bit doubleword is called a "line." The 
unit of transfer between the main memory and 
cache is one line. 
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Figure 2-1. Direct Mapped 
Cache Organization 
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Each block in the external cache has an associated 
26-bit entry in the 82385's internal cache directory. 
This entry has three components: a 17-bit "tag," a 
"tag valid" bit, and eight "line valid" bits. The tag 
acts as a main memory page number (17 tag bits 
support 217 pages). For example, if line 9 of page 2 
currently resides in the cache, then a binary 2 is 
stored in the Set 1 tag field. (For any 82385 direct 
mapped cache page in main memory, Set 0 consists 
of lines 0-7, Set 1 consists of lines 8-15, etc. Line 9 
is shaded in Figure 2-1.) An important characteristic 
of a direct mapped cache is that line 9 of any page 
can only reside in line 9 of the cache. All identical 
page offsets map to a single cache location. 


The data in a cache set is considered valid or invalid 
depending on the status of its tag valid bit. If clear, 
the entire set is considered invalid. If true, an individ- 
ual line within the set is considered valid or invalid 
depending on the status of its line valid bit. 


The 82385 sees the 80386 address bus (A2-A31) 
as partitioned into three fields: a 17·bit "tag" field 
(A15-A31), a 10-bit "set-address" field (A5-A14), 
and a 3-bit "line select" field (A2-A4). (See Figure 
2-2.) The lower 13 address bits (A2-A14) also serve 
as the "cache address" which directly selects one 
of 8K doublewords in the external cache. 


The following is a description of the interaction be- 
tween the 80386, cache, and cache directory. 


When the 80386 initiates a memory read cycle, the 
82385 uses the 10-bit set address to select one of 


1024 directory entries, and the 3·bit line select field 
to select one of eight line valid bits within the entry. 
The 13-bit cache address selects the corresponding 
doubleword in the cache. The 82385 compares the 
17-bit tag field (A15-A31 of the 80386 access) with 
the tag stored in the selected directory entry. If the 
tag and upper address bits match, and if both the 
tag and appropriate line valid bits are set, the result 
is a hit, and the 82385 directs the cache to drive the 
selected doubleword onto the 80386 data bus. A 
read hit does not alter the contents of the cache or 
directory. 


A read miss can occur in two ways. The first is 
known as a "line" miss, and occurs when the tag 
and upper address bits match and the tag valid bit is 
set, but the line valid bit is clear. The second is 
called a "tag" miss, and occurs when either the tag 
and upper address bits do not match, or the tag valid 
bit is clear. (The line valid bit is a "don't care" in a 
tag miss.) In both cases, the 82385 forwards the 
80386 reference to the system, and as the returning 
data is fed to the 80386, it is written into the cache 
and validated in the cache directory. 


In a line miss, the incoming data is validated simply 
by setting the previously clear line valid bit. In a tag 
miss, the upper address bits overwrite the previously 
stored tag, the tag valid bit is set, the appropriate 
line valid bit is set, and the other seven line valid bits 
are cleared. Subsequent tag hits with line misses will 
only set the appropriate line valid bit. (Any data as- 
sociated with the previous tag is no longer consid- 
ered resident in the cache.) 
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2.1.2.3 OTHER 
OPERATIONS 
THAT 
AFFECT 


THE CACHE 
AND CACHE 
DIRECTORY 


The other operations that affect the cache and/or 
directory are write hits, snoop hits, cache flushes, 
and 82385 resets. In a write hit, the cache is updat- 
ed along with main memory, but the directory is un- 
affected. In a snoop hit, the cache is unaffected, but 
the affected line is invalidated by clearing its line 
valid bit in the directory. Both an 82385 reset and 
cache flush clear all tag valid bits. 


When an 80386/82385 system "wakes up" upon re- 
set, all tag valid bits are clear. At this point, a read 
miss is the only mechanism by which main memory 
data is copied into the cache and validated in the 
cache directory. Assume an early 80386 code ac- 
cess seeks (for the first time) line 9 of page 2. Since 
the tag valid bit is clear, the access is a tag miss, 
and the data is fetched from main memory. Upon 
return, the data is fed to the 80386 and simulta- 
neously written into line 9 of the cache. The set di- 
rectory entry is updated to show this line as valid. 
Specifically, the tag and appropriate line valid bits 
are set, the remaining seven line valid bits cleared, 
and a binary 2 written into the tag. Since code is 
sequential in nature, the 80386 will likely next want 
line 10 of page 2, then line 11, and so on. If the 
80386 sequentially fetches the next six lines, these 
fetches will be line misses, and as each is fetched 
from main memory and written into the cache, its 
corresponding line valid bit is set. This is the basic 
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flow of events that fills the cache with valid data. 
Only after a piece of data has been copied into the 
cache and validated can it be accessed in a zero 
wait state read hit. Also, a cache entry must have 
been validated before it can be subsequently altered 
by a write hit, or invalidated by a snoop hit. 


An extreme example of "thrashing" is if line 9 of 
page two is an instruction to jump to line 9 of page 
one, which is an instruction to jump back to line 9 of 
page two. Thrashing results from the direct mapped 
cache characteristic that all identical page offsets 
map to a single cache location. In this example, the 
page one access overwrites the cached page two 
data, and the page two access overwrites the 
cached page one data. As long as the code jumps 
back and forth the hit rate is zero. This is of course 
an extreme case. The effect of thrashing is that a 
direct mapped cache exhibits a slightly reduced 
overall hit rate as compared to a set associative 
cache of the same size. 


2.2 TWO WAY SET ASSOCIATIVE 


CACHE 


2.2.1 
Two Way Set Associative 
Cache 


Structure 
and Terminology 


Figure 2-3 illustrates the relationship between the 
directory, cache, and 4 Gigabyte address space. 


PAGESIZE 
= 16KB 
(4K DOUBLE 
WORDS) 


Whereas 
the direct 
mapped 
cache 
is organized 
as 


one bank of 8K doublewords, 
the two way set asso- 


ciative cache is organized 
as two banks (A and B) of 


4K doublewords 
each. The page size is halved, and 


t~e number 
of pages 
doubl~d. 
(Note 
the extra 
tag 


bit.) The cache now has 512 sets in each bank. (Two 
banks 
times 
512 
sets 
gives 
a total 
of 
1024. 
The 


structure 
can be thought 
of as two half-sized 
direct 


mapped 
caches 
in parallel.) 
The 
performance 
ad- 


vantage 
over a direct mapped 
cache 
is that all iden- 


tical 
page 
offsets 
map to two 
cache 
locations 
in- 


stead 
of one, 
reducing 
the 
potential 
for thrashing. 
The 82385's 
partitioning 
of the 80386 address 
bus is 


depicted 
in Figure 2-4. 


2.2.2 LRU Replacement Algorithm 


The two way set associative 
directory 
has an addi- 


tional feature: 
the "least 
recently 
used" 
or LRU bit. 


In the event of a read miss, either bank A or bank B 
will b~ updated 
with new data. The LRU bit flags the 


candidate 
for 
replacement. 
Statistically, 
of 
two 


blocks 
of data, the block 
most recently 
used is the 


block 
most 
likely 
to be needed 
again 
in the 
near 


future. By flagging 
the least recently 
used block, the 


82385 
ensures 
that the cache 
block replaced 
is the 


least likely to have data needed 
by the CPU. 


2.2.3 Two Way Set Associative 


Cache Operation 


2.2.3.1 
READ 
HITS 


When the 80386 
initiates 
a memory 
read cycle, the 


82385 
uses the 9-bit set address 
to select 
one of 


512 sets. The two tags of this set are simultaneously 
compared 
with 
A14-A31, 
both 
tag 
valid 
bits 


checked, 
and 
both 
appropriate 
line 
valid 
bits 


checked. 
If either 
comparison 
produces 
a hit 
the 


corresponding 
cache 
bank 
is directed 
to driv~ the 


selected 
doubleword 
onto 
the 
80386 
data 
bus. 
(Note that both banks will never concurrently 
cache 


the same 
main 
memory 
location.) 
If the requested 


data resides in bank A, the LRU bit is pointed toward 


B. 
If B produces 
the 
hit, the 
LRU 
bit 
is pointed 


toward 
A. 


As in direct 
mapped 
operation, 
a read miss can be 


either 
a line or tag miss. Let's start with a tag miss 


example. 
Assume 
the 80386 seeks line 9 of page 2, 


and that neither the A nor B directory 
produces 
a tag 


match. Assume 
also, as indicated 
in Figure 2-3, that 


the 
LRU bit points 
to A. As the 
data 
returns 
from 


main memory, 
it is loaded 
into offset 
9 of bank A. 


Concur.rently, 
this data is validated 
by updating 
the 


set 1 directory 
entry for bank A. Specifically, 
the up- 


pe~ ad?r~ss 
bits overwrite 
the previous 
tag, the tag 


valid bit IS set, the appropriate 
line valid 
bit is set, 


and the other seven line valid bits cleared. 
Since this 


data is the most recently 
used, the LRU bit is turned 


toward 
B. No change 
to bank B occurs. 


If the next 80386 request 
is line 10 of page two, the 


result will be a line miss. As the data returns 
from 


main memory, 
it will be written 
into offset 
10 of bank 


~ (tag ~itll!ne 
.miss in bank A), and the appropriate 


line valid bit Will be set. A line miss in one bank will 
cause the LRU bit to point to the other bank. In this 
example, 
however, 
the 
LRU 
bit has already 
been 


turned toward 
B. 


2.2.3.3 OTHER 
OPERATIONS 
THAT 
AFFECT 


THE CACHE 
AND 
CACHE 
DIRECTORY 


Other 
operations 
that 
affect 
the 
cache 
and 
cache 


directory 
are write 
hits, snoop 
hits, cache 
flushes, 


and 
82385 
resets. 
A write 
hit updates 
the 
cache 


along with main memory. 
If directory 
A detects 
the 


hit, bank A is updated. 
If directory 
B detects 
the hit 


bank B is updated. 
If one bank is updated 
the LRU 


bit is pointed 
toward 
the other. 
' 


If a snoop 
hit invalidates 
an entry, 
for example, 
in 


cache 
bank ~, the corresponding 
LRU bit is pointed 


towa~d A. ThiS ensures 
that invalid data is the prime 


candidate 
for replacement 
in a read 
miss. 
Finally, 


resets and flushes 
behave just as they do in a direct 


mapped 
cache, 
clearing 
all tag valid bits. 
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The 82385 creates the 82385 local bus, which is a 
functional 80386 interface. To facilitate understand- 
ing, 82385 local bus signals go by the same name as 
their 80386 equivalents, except that they are pre- 
ceded by the letter "B". The 82385 local bus equiva- 
lent to ADS# is BADS#, the equivalent to NA# is 
BNA#, etc. This convention applies to bus states as 
well. For example, Bn P is the 82385 local bus state 
equivalent to the 80386 T1P state. 


3.1 80386/82385 
INTERFACE 


SIGNALS 


These signals form the direct interface between the 
80386 and 82385. 


CLK2 
provides 
the 
fundamental 
timing 
for 
an 


80386/82385 
system, and is driven by the same 


source that drives the 80386 CLK2 input. The 
82385, like the 80386, divides CLK2 by two to gen- 
erate an internal "phase indication" clock. (See Fig- 
ure 3-1.) The CLK2 period whose rising edge drives 
the internal clock low is called PHI1, and the CLK2 
period that drives the internal clock high is called 
PHI2. A PHI1-PHI2 combination (in that order) is 


known as a "T" state, and is the basis for 80386 bus 
cycles. 


This input resets the 82385, bringing it to an initial 
known state, and is driven by the same source that 
drives the 80386 RESET input. A reset effectively 
flushes the cache by clearing all cache directory tag 
valid bits. The falling edge of RESET is synchronized 
to CLK2, and used by the 82385 to properly estab- 
lish the phase of its internal clock. (See Figure 3-2.) 
Specifically, the second internal phase following the 
falling edge of RESET is PHI2. 


3.1.3 80386/82385 
Address Bus 


(A2-A31), 
Byte Enables 


(BEO#-BE3#), 
and Cycle 


Definition 
Signals (MilO # , 


D/C#, 
W/R#, 
LOCK#) 


The 82385 directly connects to these 80386 out- 
puts. The 80386 address bus is used in the cache 
directory comparison to see if data referenced by 
80386 resides in the cache, and the byte enables 
inform the 82385 as to which portions of the data 
bus are involved in an 80386 cycle. The cycle defini- 
tion signals are decoded by the 82385 to determine 
the type of cycle the 80386 is executing. 


inter 


3.1.4 
80386/82385 
Address Status 
(ADS # ) and Ready Input 
(READYI#) 


ADS# is an 80386 output, and tells the 82385 that 
new address and cycle definition information is avail- 
able. READYI# is an input to both the 80386 (via 
the 80386 READY# input pin) and 82385, that indi- 
cates the completion of an 80386 bus cycle. ADS# 
and READYI# are used to keep track of the 80386 
bus state. 


3.1.5 
80386 Next Address Request 
(NA#) 


This 82385 output controls the pipelining of the 
80386. It can be tied directly to the 80386 NA# in- 
put, or it can be logically "AND"ed with other 80386 
local bus next address requests. 


3.1.6 
Ready Output (READYO#) 
and 
Bus Ready Enable (BRDYEN #) 


The 82385 directly terminates all but two types of 
80386 bus cycles with its READYO# output. 80386 
local bus cycles must be terminated by the local de- 
vice being accessed. This includes devices decoded 
using the 82385 LSA# signal and 80387 accesses. 


The other cycles not directly terminated by the 
82385 are 82385 local bus reads, specifically cache 
read misses and non-cacheable reads. (Recall that 
the 82385 forwards and runs such cycles on the 
82385 bus.) In these cycles the signal that termi- 
nates the 82385 local bus access is BREADY# , 
which is gated through to the 80386 local bus such 
that the 80386 and 82385 local bus cycles are con- 
currently terminated. SRDYEN# is used to gate the 
BREADY# signal to the 80386. 


These 82385 outputs control the external 32KB 
cache data memory. 


3.2.1 
Cache Address Latch Enable 
(CALEN) 


This signal controls the latch (typically an F or AS 
series 74373) that resides between the low order 
80386 address bits and the cache SRAM address 
inputs. (The outputs of this latch are the "cache ad- 
dress" described in the previous chapter.) When 
CALEN is high the latch is transparent. The falling 
edge of CALEN latches the current inputs which re- 


main applied to the cache data memory until CALEN 
returns to an active high state. 


3.2.2 
Cache Transmit/Receive 
(CT/R#) 


This signal defines the direction of an optional data 
transceiver (typically an F or AS series 74245) be- 
tween the cache and 80386 data bus. When high, 
the transceiver is pointed towards the 80386 local 
data bus (the SRAMs are output enabled). When 
low, the transceiver points towards the cache data 
memory. A transceiver is required if the cache is de- 
signed with SRAMs that lack an output enable con- 
trol. A transceiver may also be desirable in a system 
that has a heavily loaded 80386 local data bus. 
These 
devices 
are 
not 
necessary when 
using 
SRAMs which incorporate an output enable. 


3.2.3 
Cache Chip Selects 
(CSO#-CS3#) 


These active low signals tie to the cache SRAM chip 
selects, and individually enable the four bytes of the 
32-bit wide cache. CSO# enables DO-D7, CS1# 
enables D8-D15, 
CS2# 
enables D16-D23, 
and 
CS3# enables D24-D31. During read hits, all four 
bytes are enabled regardless of whether or not all 
four 80386 byte enables are active. (The 80386 ig- 
nores what it did not request.) Also, all four cache 
bytes are enabled in a read miss so as to update the 
cache with a complete line (double word). In a write 
hit, only those cache bytes that correspond to active 
byte enables are selected. This prevents cache data 
from being corrupted in a partial doubleword write. 


3.2.4 
Cache Output Enables 
(COEA # , COEB #) and Write 
Enables (CWEA #, CWEB #) 


COEA# and COEB# are active low signals which 
tie to the cache SRAM output enables and respec- 
tively enable cache bank A or S to drive the 80386 
data bus. In a two-way set associative cache, either 
COEA# or COES# is active during a read hit, de- 
pending on which bank is selected. In a direct 
mapped cache, both are activated, so the designer 
is free to use either one. 


CWEA# and CWES# are active low signals which 
tie to the cache SRAM write enables, and respec- 
tively enable cache bank A or B to receive data from 
the 80386 data bus (80386 write hit or read miss 
update). In a two-way set associative cache, one or 
the other is enabled in a read miss or write hit. In a 
direct mapped cache, both are activated, so the de- 
signer is free to use either one. 


If the cache is implemented with 8RAMs that do not 
have output enables, then a transceiver between the 
cache memory and 80386 data bus is required. In 
this case, the output enable of each bank must be 
"ANO"ed 
with the corresponding write enable to 


provide the transceiver enable signal. For example, 
COEA# and CWEA# are "ANO"ed to enable the 
transceiver between cache bank A and the 80386 
data bus (chapter 4, Figures 4-4B and 4-40). The 
various 
cache 
configurations 
supported 
by the 


82385 are described in chapter 4. 


3.3 80386 
LOCAL BUS DECODE 


INPUTS 


These 82385 inputs are generated by decoding the 
80386 address and cycle definition lines. These ac- 
tive low inputs are sampled at the end of the first 
state in which the address of a new 80386 cycle 
becomes available (T1 or first T2P). The signals 
must be kept stable during the entire time the ad- 
dress is valid. They are not internally latched by the 
82385. 


This input identifies an 80386 access as directed to 
a resource (other than the cache) on the 80386 local 
bus. (The 80387 Numerics Coprocessor is consid- 
ered an 80386 local bus resource, but LBA# need 
not be generated as the 82385 internally decodes 
80387 accesses.) The 82385 simply ignores these 
cycles. They are neither forwarded to the system nor 
do they affect the cache or cache directory. Note 
that LBA# has priority over all other types of cycles. 
If LBA# is asserted, the cycle is interpreted as an 
80386 local bus access, regardless of the cycle type 
or status of NCA# or X16#. This allows any 80386 
cycle (memory, I/O, interrupt acknowledge, etc.) to 
be kept on the 80386 local bus if desired. 


This active low input identifies an 80386 cycle as 
non-cacheable. The 82385 forwards non-cacheable 
cycles to the 82385 local bus and runs them. The 
cache and cache directory are unaffected. 


NCA# allows a designer to set aside a portion of 
main memory as non-cacheable. Potential applica- 
tions include memory-mapped I/O 
and systems 


where multiple masters access dual ported memory 
via different busses. Another possibility makes use 
of the 80386 O/C# 
output. The 82385 by default 


implements a unified code and data cache, but driv- 
ing NCA# 
directly by O/C# 
creates a data only 


cache. If O/C# is inverted first, the result is a code 
only cache. 


X16# is an active low input which identifies 16-bit 
memory and/or I/O space, and the decoded signal 
that drives X16# 
should also drive the 80386 


B816# input. 16-bit accesses are treated like non- 
cacheable accesses: they are forwarded to and exe- 
cuted on the 82385 local bus with no impact on the 
cache or cache directory. In addition, the 82385 
locks the two halves of a non-aligned 16-bit transfer 
from interruption by another master, as does the 
80386. 


3.4 
82385 LOCAL BUS INTERFACE 
SIGNALS 


The 82385 presents an "80386-like" front end to the 
system, and the signals discussed in this section are 
82385 local bus equivalents to actual 80386 signals. 
These signals are named with respect to their 80386 
counterparts, but with the letter "B" appended to the 
front. 


Note that the 82385 itself does not have equivalent 
output signals to the 80386 data bus (00-031), 
ad- 


dress bus (A2-A31), 
and cycle definition signals 


(M/IO#, O/C#, W/R#). The 82385 data bus (BOO- 
B031) is actually the system side of a latching trans- 
ceiver, and the 82385 address bus and cycle defini- 
tion 
signals 
(BA2-BA31, 
BM/IO#, 
BO/C#, 


BW/R#) are the outputs of an edge-triggered latch. 
The signals that control this data transceiver and ad- 
dress latch are discussed in section 3.5. 


3.4.1 
82385 Bus Byte Enables 
(BBEO # -BBE3 #) 


BBEO#-BBE3# 
are the 82385 local bus equiva- 


lents to the 80386 byte enables. In a cache read 
miss, the 82385 drives all four signals low, regard- 
less of whether or not all four 80386 byte enables 
are active. This ensures that a complete line (dou- 
bleword) is fetched from main memory for the cache 
update. In all other 82385 local bus cycles, the 
82385 duplicates the logic levels of the 80386 byte 
enables. The 82385 tri-states these outputs when it 
is not the current bus master. 


3.4.2 
82385 Bus Lock (BLOCK #) 


BLOCK# is the 82385 local bus equivalent to the 
80386 LOCK# output, and distinguishes between 
locked and unlocked cycles. When the 80386 runs a 
locked sequence of cycles (and LBA# is negated), 
the 82385 forwards and runs the sequence on the 
82385 local bus, regardless of whether any locations 


referenced in the sequence reside in the cache. A 
read hit will be run as if it is a read miss, but a write 
hit will update the cache as well as being completed 
to system memory. In keeping with 80386 behavior, 
the 82385 does not allow another master to interrupt 
the 
sequence. BLOCK# 
is tri-stated when the 


82385 is not the current bus master. 


3.4.3 
82385 Bus Address Status 
(BADS#) 


BAOS# is the 82385 local bus equivalent of AOS#, 
and indicates that a valid address (BA2-BA31, 
BBEO#-BBE3#) 
and cycle definition (BM/IO#, 
BW/R#, 
BO/C#) is available. It is asserted in BT1 


and BT2P states, and is tri-stated when the 82385 
does not own the bus. 


3.4.4 
82385 Bus Ready Input 
(BREADY#) 


82385 
local 
bus 
cycles 
are 
terminated 
by 


BREADY#, just as 80386 cycles are terminated by 
the 80386 READY# input. In 82385 local bus read 
cycles, BREADY# is gated by BRDYEN# onto the 
80386 local bus, such that it terminates both the 
80386 and 82385 local bus cycles. 


3.4.5 
82385 Bus Next Address 
Request (BNA #) 


BNA# 
is the 82385 local bus equivalent to the 


80386 NA# input, and indicates that the system is 
prepared to accept a pipelined address and cycle 
definition. If BNA# is asserted and the new cycle 
information is available, the 82385 begins a pipe- 
lined cycle on the 82385 local bus. 


3.5 82385 
BUS DATA TRANSCEIVER 


AND ADDRESS 
LATCH CONTROL 


SIGNALS 


The 82385 data bus is the system side of a latching 
transceiver (typically an F or AS series 74646), and 
the 82385 address bus and cycle definition signals 
are the outputs of an edge-triggered latch (F or AS 
series 74374). The following is a discussion of the 
82385 outputs that control these devices. An impor- 
tant characteristic of these signals and the devices 
they control is that they ensure that BDO-B031, 
BA2-BA31, 
BM/IO#, 
BO/C#, 
and BW/R# 
repro- 


duce the functionality and timing behavior of their 
80386 equivalents. 


3.5.1 
Local Data Strobe (LDSTB), Data 
Output Enable (DOE #), and Bus 
Transmit/Receive 
(BT fR #) 


These signals control the latching data transceiver. 
BTIR # 
defines the transceiver direction. When 


high, the transceiver drives the 82385 dat~ bus in 
write cycles. When low, the transc;eiver drives the 
80386 data bus in 82385 local bus read cycles. 
DOE# enables the transceiver outputs. 


The rising edge of LDSTB latches the 80386 data 
bus in all write cycles. The interaction of this signal 
and the latching transceiver is used to perform the 
82385's posted write capability. 


3.5.2 
Bus Address Clock Pulse 
(BACP) and Bus Address 
Output Enable (BAOE #) 


These signals control the latch that drives BA2- 
BA31, BM/IO#, BW/R#, and BD/C#.ln 
any 80386 


cycle that is forwarded to the 82385 local bus, the 
rising edge of BACP latches the 80386 address and 
cycle definition signals. BAOE# enables the latch 
outputs when the 82385 is the current bus master 
and disables them otherwise. 


3.6 STATUS 
AND CONTROL 


SIGNALS 


This output accompanies cacheable read and write 
miss cycles. This signal transitions to its active low 
state when the 82385 determines that a cacheable 
80386 access is a miss. Its timing behavior follows 
that of the 82385 local bus cycle definition signals 
(BM/IO#, 
BD/C#, 
BW/R#) 
so that it becomes 


available with BADS# 
in BT1 or the first BT2P. 


MISS# is floated when the 82385 does not own the 
bus, such that multiple 82385's can share the same 
node in multi-cache systems. (As discussed in Chap- 
ter 7, this signal also serves a reserved function in 
testing the 82385.) 


The latching data transceiver is also known as the 
"posted write buffer." WBS indicates that this buffer 
contains data that has not yet been written to the 
system even though the 80386 may have begun its 
next cycle. It is activated when 80386 data is 


latched, and deactivated when the corresponding 
82385 
local 
bus 
write 
cycle 
is 
completed 


(BREADY#). (As discussed in Chapter 7, this signal 
also serves a reserved function 
in testing the 


82385.) 


WBS can serve several functions. In multi-processor 
applications, it can act as a coherency mechanism 
by informing a bus arbiter that it should let a write 
cycle run on the system bus so that main memory 
has the latest data. If any other 82385 cache sub- 
systems are on the bus, they will monitor the cycle 
via their bus watching mechanisms. Any 82385 that 
detects a snoop hit will invalidate the corresponding 
entry in its local cache. 


When activated, this signal causes the 82385 to 
clear all of its directory tag valid bits, effectively 
flushing the cache. (As discussed in Chapter 7, this 
signal also serves a reserved function in testing the 
82385.) The primary use of the FLUSH input is for 
diagnostics and multi-processor support. The use of 
this pin as a coherency mechanism may impact soft- 
ware transparency. 


The FLUSH input must be held active for at least 4 
CLK (8 CLK2) cycles to complete the flush se- 
quence. If FLUSH is still active after 4 CLK cycles, 
any accesses to the cache will be misses and the 
cache will not be updated (since FLUSH is active). 


3.7 
BUS ARBITRATION 
SIGNALS 


(BHOLD 
AND BHLDA) 


In master mode, BHOLD is an input that indicates a 
request by a slave device for bus ownership. The 
82385 acknowledges this request via its BHLDA out- 
put. (These signals function identically to the 80386 
HOLD and HLDA signals.) 


The roles of BHOLD and BHLDA are reversed for an 
82385 in slave mode. BHOLD is now an output indi- 
cating a request for bus ownership, and BHLDA an 
input indicating that the request has been granted. 


3.8 
COHERENCY 
(BUS WATCHING) 


SUPPORT 
SIGNALS 
(SA2-SA31, 


SSTB#, 
SEN) 


These signals form the 82385's bus watching inter- 
face. The Snoop Address Bus (SA2-SA31) 
con- 


nects to the system address lines if masters reside 
at both the system and 82385 local bus levels, or 


the 82385 local bus address lines if masters reside 
only at the 82385 local bus level. Snoop Strobe 
(SSTB#) indicates that a valid address is on the 
snoop address inputs. Snoop Enable (SEN) indi- 
cates that the cycle is a write. In a system with mas- 
ters only at the 82385 local bus level, SA2-SA31, 
SSTB#, and SEN can be driven respectively by 
BA2-BA31, BADS#, and BW/R# 
without any sup- 


port circuitry. 


3.9 CONFIGURATION 
INPUTS 


(2W/D#, 
M/S#) 


These signals select the configurations supported 
by the 82385. They are hardware strap options and 
must not be changed dynamically. 2W/D# 
(2-Way/ 


Direct Mapped Select) selects a two-way set asso- 
ciative cache when tied high, or a direct mapped 
cache when tied low. M/S# 
(Master/Slave Select) 
chooses between master mode (M/S# 
high) and 


slave mode (M/S# 
low). 


The following is a detailed description of how the 
82385 interfaces to the 80386 and to 80386 local 
bus resources. Items specifically addressed are the 
interfaces to the 80386, the cache SRAMs, and the 
80387 Numerics Coprocessor. 


The many timing diagrams in this and the next chap- 
ter provide insight into the dual pipelined bus struc- 
ture of an 80386/82385 system. It's important to re- 
alize, however, that one need not know every possi- 
ble cycle combination to use the 82385. The inter- 
face is simple, and the dual bus operation invisible to 
the 80386 and system. To facilitate discussion of the 
timing diagrams, several conventions have been 
adopted. Refer to Figure 4-2A, and note that 80386 
bus cycles, 80386 bus states, and 82385 bus states 
are identified along the top. All states can be identi- 
fied by the "frame numbers" along the bottom. The 
cycles in Figure 4-2A include a cache read hit 
(CRDH), a cache read miss (CRDM), and a write 
(WT). WT represents any write, cacheable or not. 
When necessary to distinguish cacheable writes, a 
write hit goes by CWTH and a write miss by CWTM. 
Non-cacheable system reads go by SBRD. Also, it is 
assumed that system bus pipelining occurs even 
though the BNA# signal is not shown. When the 
system pipeline begins is a function of the system 
bus controller. 


80386 bus cycles can be tracked by ADS# and 
READYI#, 
and 
82385 
cycles 
by 
BADS# 
and 


BREADY#. These four signals are thus a natural 


choice to help track parallel bus activity. Note in the 
timing diagrams that 80386 cycles are numbered us- 
ing ADS# and READYI#, and 82385 cycles using 
BADS# and BREADY#. For example, when the ad- 
dress of the first 80386 cycle becomes available, the 
corresponding assertion of ADS# is marked "1", 
and the READYI# pulse that terminates the cycle is 
marked "1" as well. Whenever an 80386 cycle is 
forwarded to the system, its number is forwared as 
well so that the corresponding 82385 bus cycle can 
be tracked by BADS# and BREADY#. 


The "N" value in the timing diagrams is the assumed 
number of main memory wait states inserted in a 
non-pipelined 82386 bus cycle. For example, a non- 
pipelined access to N= 2 memory requires a total of 
four bus states, while a pipelined access requires 
three. (The pipeline advantage effectively hides one 
main memory wait state.) 


This section presents the 80386/82385 hardware in- 
terface and discusses the interaction and timing of 
this interface. Also addressed is how to decode the 
80386 address bus to generate the 82385 inputs 


LBA#, NCA#, and X16#. (Recall that LBA# allows 
memory and/or I/O space to be set aside for 80386 
local bus resources; NCA# allows system memory 
to be set aside as non-cacheable; and X16# allows 
system memory and/or I/O space to be reserved for 
16-bit resources.) Finally, the 82385's handling of 
16-bit space is discussed. 


Figure 4-1 is a diagram of an 80386/82385 system, 
which can be thought of as three distinct interfaces. 
The first is the 80386/82385 interface (inclUdingthe 
Ready Logic). The second is the cache interface, as 
depicted by the cache control bus in the upper left 
corner of Figure 4-1. The third is the 82385 bus inter- 
face, which includes both direct connects and sig- 
nals that control the 74374 address/cycle definition 
latch and 74646 latching data transceiver. (The 
82385 bus interface is the subject of the next chap- 
ter). 


As seen in Figure 4-1, the 80386/82385 interface is 
a straightforward connection. The only necessary 
support logic is that required to sum all ready sourc- 
es. 
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Note in Figure 4-1 that the ready logic consists of 
two gates. The upper three-input AND gate (shown 
as a negative logic OR) sums all 80386 local bus 
ready sources. One such source is the 82385 
READYO# output, which terminates read hits and 
posted writes. The output of this gate drives the 
80386 READY# 
input and is monitored by the 


82385 (via READYI#) to track the 80386 bus state. 


When the 82385 forwards an 80386 read cycle to 
the 82385 bus (cache read miss or non-cacheable 
read), it does not directly terminate the cycle via 
READYO#. Instead, the 80386 and 82385 bus cy- 
cles are concurrently terminated by a system ready 
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source. This is the purpose of the additional two-in- 
put OR gate (negative logic AND) in Figure 4-1. 
When the 82385 forwards a read to the 82385 bus, it 
asserts BRDYEN# which enables the system ready 
signal (BREADY#) to directly terminate the 80386 
bus cycle. 


Figures 4-2A and 4-2B illustrate the behavior of the 
signals involved in ready generation. Note in cycle 1 
of Figure 4-2A that the 82385 READYO# directly 
terminates the hit cycle. In cycle 2, READYO# is not 
activated. Instead the 82385 BRDYEN# is activated 
in BT2, BT2P, or BT21states such that BREADY# 
can concurrently terminate the 80386 and 82385 
bus cycles (frame 6). Cycle 3 is a posted write. The 
write data becomes available in T1P (frame 7), and 
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me aooress, oaTa,ano cycle aennillon OT me wme 
are latched in T2 (frame 8). The 80386 cycle is ter- 
minated by READYO# 
in frame 8 with no wait 


states. The 82385, however, sees the write cycle 
through to completion on the 82385 bus where it is 
terminated in frame 10 by BREADY#. In this case, 
the BREADY# signal is not gated through to the 
80386. Refer to Figures 4-2A and 4-2B for clarifica- 
tion. 


4.1.3. 
NA # and 80386 Local Bus 
Plpellnlng 


Cycle 1 of Figure 4-2A is a typical cache read hit. 
The 80386 address becomes available in T1, and 
the 82385 uses this address to determine if the ref- 
erenced data resides in the cache. The cache look- 
up is completed and the cycle qualified as a hit or 
miss in T1. If the data resides in the cache, the 
cache is directed to drive the 80386 data bus, and 
the 82385 drives its READYO# output so the cycle 
can be terminated at the end of the first T2 with no 
wait states. 
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Almougn cycle 2 starts out liKeCYCle1, at the end of 
T1 (frame 3), it is qualified as a miss and forwarded 
to the 82385 bus. The 82385 bus cycle begins one 
state after the 80386 bus cycle, implying a one wait 
state overhead associated with cycle 2 due to the 
look-up. When the 82385 encounters the miss, it im- 
mediately asserts NA#, which puts the 80386 into 
pipelined mode. Once in pipelined mode, the 82385 
is able to qualify an 80386 cycle using the 80386 
pipelined address and control signals. The result is 
that the cache look-up state is hidden in all but the 
first of a contiguous sequence of read misses. This 
is shown in the first two cycles, both read misses, of 
Figure 4-2B. The CPU sees the look-up state in the 
first cycle, but not in the second. In fact, the second 
miss requires a total of only two states, as not only 
does 80386 pipelining hide the look-up state, but 
system pipelining hides one of the main memory 
wait states. (System level pipelining via BNA# is dis- 
cussed in the next chapter.) Several characteristics 
of the 82385's pipelining of the 80386 are as fol- 
lows: 
- 
The above discussion applies to all system 
reads, not just cache read misses. 


inter 


- 
The 82385 provides the fastest possible switch 
to pipelining, T1-T2-T2P. The exception to this is 
when a system read follows a posted write. In 
this case, the sequence is T1-T2-T2-T2P. (Refer 
to cycle 4 of Figure 4-2A.) The number of T2 
states is dependent on the number of main 
memory wait states. 
- 
Refer to the read hit in Figure 4-2A (cycle 1), and 
note that NAII is actually asserted before the 
end of T1, before the hit/miss decision is made. 
This is of no consequence since even though 
NAII is sampled active in T2, the activation of 
REAOYOII 
in the same T2 renders NAil 
a 


"don't care." NAil is asserted in this manner to 
meet 80386 timing requirements and to ensure 
the fastest possible switch to pipelined mode. 
- 
All read hits and the majority of writes can be 
serviced by the 82385 with zero wait states in 
non-pipelined mode, and the 82385 accordingly 
attempts to run all such cycles in non-pipelined 
mode. An exception is seen in the hit cycles (cy- 
cles 3 and 4) of Figure 4-28. The 82385 does not 
know soon enough that cycle 3 is a hit, and thus 
sustains the pipeline. The result is that three se- 
quential hits are required before the 80386 is to- 
tally out of pipelined mode. (The three hits look 


like T1P-T2P, T1P-T2, T1-T2.) Note that this 
does not occur if the number of main memory 
wait states is equal to or greater than two. 


As far as the design is concerned, NA# is generally 
tied directly to the 80386 NAII input. However, other 
local NAil 
sources may be logically "ANO"ed with 


the 82385 NAII output if desired. It is essential, 
however, that no device other than the 82385 drive 
the 80386 NAII input unless that device resides on 
the 80386 local bus in space decoded via L8A #. If 
desired, the 82385 NAII output can be ignored and 
the 80386 NAil input tied high. The 80386 NAil in- 
put should never be tied low, which would always 
keep it active. 


4.1.4 LBA#, NCA#, and X16# 


Generation 


The 82385 input signals L8AII, 
NCAII, and X1611 


are generated by decoding the 80386 address (A2- 
A31) and cycle definition C'N/RII, 
O/CII, 
MIIOII) 


lines. The 82385 samples them at the end of the first 
state in which they become available, which is either 
T1 or the first T2P cycle. The decode configuration 
and timings are illustrated respectively in Figures 
4-3A and 4-38. 
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Figure 4·3. NCA II. LBA II • X16II Generation 


As discussed previously, the 82385 does not cache 
devices decOded as 16-bit. Instead it makes provi- 
sion to accommodate 16-bit space as non-cache- 
able via the X16# input. X16# is generated when 
the user decodes the 80386 address and cycle defi- 
nition lines for the BS16# input of the 80386 (Figure 
4-3). The decode output now drives both the 80386 
BS16# input and the 82385 X16# input. Cycles de- 
coded this way are treated as non-cacheable. They 
are forwarded to and executed on the 82385 bus, 
but have no impact on the cache or cache directory. 
The 82385 also monitors the 80386 byte enables in 
a 16-bit cycle to see if an additional cycle is required 
to complete the transfer. Specifically, a second cy- 
cle is required if (BEO# OR BE1#) AND (BEU 
OR 


BE3#) is asserted in the current cycle. The 82385, 
like the 80386, will not allow the two halves of a 16- 
bit transfer to be interrupted by another master. 


There is an important distinction between the han- 
dling of 16-bit space in an 80386 system with an 
82385 as compared to a system without an 82385. 
The 80386 BS16# input need not be asserted until 
the last state of a 16-bit cycle for the 80386 to rec- 
ognize it as such. The 82385, however, needs the 
information earlier, specifically at the end of the first 
80386 bus state (T1 or first T2P) in which the ad- 
dress of the 16-bit cycle becomes available. The re- 
sult is that in a system without an 82385, 16-bit de- 
vices can define themselves as 16-bit devices "on 
the fly," while in a system with an 82385, 16-bit de- 
vices should be located in space set aside for 16-bit 
devices via the X16# decode. 


The following is a description of the external data 
cache and 82385 cache interface. 


4.2.1 
Cache Configurations 


The 82385 controls the cache memory via the con- 
trol signals shown in Figure·4-1. These signals drive 
one of four possible cache configurations, as depict- 
ed in Figures 4-4A through 4-40. Figure 4-4A shows 
a direct mapped cache organized as 8K double- 
words. The likely design choice is four 8K x 8 
SRAMs. Figure 4-4B depicts the same cache memo- 
ry but with a data transceiver between the cache 
and 80386 data bus. In this configuration, CTfR # 
controls the transceiver direction, and the logical 
"AND" 
of COEA# and CWEA# drives the trans- 


ceiver output enable. (COEB# and CWEB# could 
also be used.) A data buffer is required if the chosen 
SRAM does not have a separate output enable. Ad- 
ditionally, buffers may be used to ease SRAM timing 
requirements or in a system with a heavily loaded 
data bus. (Guidelines for SRAM selection are includ- 
ed in Chapter 6.) 


Figure 4-4C depicts a two-way set associative cache 
organized as two banks (A and B) of 4K double- 
words each. The likely design choice is sixteen 
4K x 4 SRAMs. Finally, Figure 4-40 depicts the two- 
way organization with data buffers between the 
cache memory and data bus. 
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4.2.2 ~acne ~OntrOI-UlreCt Mappea 


Figure 4-5A illustrates the timing of cache read and 
write hits, while Figure 4-58 illustrates cache up- 
dates. In a read hit, the cache output enables are 
driven from the beginning of T2 (cycle 1 of Figure 
4-5A). If at the end of T1 the cycle is qualified as a 
cacheable read, the output enables are asserted on 
the assumption that the cycle will be a hit. (Driving 
the output enables before the actual hit/miss deci- 
sion is made eases SRAM timing requirements.) 


Cycle 1, of Figure 4-58 illustrates what happens 
when the assumption of a hit turns out to be wrong. 
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ginning of T2, but then disabled at the end of T2. 
Once the output enables are inactive, the 82385 
turns the transceiver around (via CT/R#) and drives 
the write enables to begin the cache update cycle. 
Note in Figure 4-58 that once the 80386 is in pipe- 
lined mode, the output enables need not be driven 
prior to a hit/miss decision, since the decision is 
made earlier via the pipelined address information. 


One consequence of driving the output enables low 
in a miss before the hit/miss decision is made is that 
since the cache starts driving the 80386 data bus, 
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the 82385 cannot enable the 74646 transceiver (Fig- 
ure 4-1) until after the cache outputs are disabled. 
(The timing of the 74646 control signals is described 
in the next chapter.) The result is that the 74646 
cannot be enabled soon enough to support N=0 
main memory ("N" was defined in section 4.0 as the 
number of non-pipelined main memory wait states). 
This means that memory which can run with zero 
wait states in a non-pipelined cycle should not be 
mapped into cacheable memory. This should not 
present a problem, however, as a main memory sys- 
tem built with N= 0 memory has no need of a cache. 
(The main memory is as fast as the cache.) Zero 
wait state memory can be supported if it is decoded 
as non-cacheable. The 82385 knows that a cycle is 


non-cacheable in time not to drive the cache output 
enables, and can thus enable the 74646 sooner. 


In a write hit, the 82385 only updates the cache 
bytes that are meant to be updated as directed by 
the 80386 byte enables. This prevents corrupting 
cache data in partial doubleword writes. Note in Fig- 
ure 4-5A that the appropriate bytes are selected via 
the cache byte select lines CSO#-CS3#. 
In a read 


hit, all four select lines are driven as the 80386 will 
simply ignore data it does not need. Also, in a cache 
update (read miss), all four selects are active in or- 
der to update the cache with a complete line (dou- 
bleword). 
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4.2.3 
Cache Control- 
Two-Way 
Set 


Associative 


Figures 4-6A and 4-68 illustrate the timing of cache 
read hits, write hits, and updates for a two-way set 
associative cache. (Note that the cycle sequences 
are the same -asthose in Figures 4-5A and 4-58.) In 
a cache read hit, only one bank or the other is en- 
abled to drive the 80386 data bus, so unlike the con- 
trol of a direct mapped cache, the appropriate cache 
output enable cannot be driven until the outcome of 
the hit/miss decision is known. (This implies stricter 
SRAM timing requirements for a two-way set asso- 
ciative cache.) In write hits and read misses, only 
one bank or ~heother is updated. 


The 80387 Numerics Coprocessor interfaces to the 
80386 just as it would in a system without an 82385. 
The 80387 READYO# output is logically "AND"ed 
along with all other 80386 local bus ready sources 
(Figure 4-1), and the output is fed to the 80387 
READY#, 82385 READYI#, and 80386 READY# 
inputs. 


The 80386 uniquely addresses the 80387 by driving 
M/IO# 
low and A31 high. The 82385 decodes this 


internally and treats 80387 accesses in the same 
way it treats 80386 cycles in which L8A # is assert- 
-ed, it ignores them. 
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5.0 
82385 
LOCAL BUS AND SYSTEM 
INTERFACE 


The 82385 system interface is the 82385 Local Bus, 
which presents an "80386-like" front end to the sys- 
tem. The system ties to it just as it would to an 
80386. Although this 80386-like front end is func- 
tionally equivalent to an 80386, there are timing dif- 
ferences which can easily be accounted for in a sys- 
tem design. 


The following is a description of the interface the 
82385 presents to a system. After presenting the 
82385 bus state machine, the 82385 bus signals are 
described, as are techniques for accommodating 
any differences between the 82385 bus and 80386 
bus. Following this is a discussion of the 82385's 
condition upon reset. 


Figure 5-1A illustrates the 82385 bus state machine 
when the 82385 is programmed in master mode. 
Note that it is almost identical to the 80386 bus state 
machine, only now the bus states are 82385 bus 
states (BT1P, BTH, etc.) and the state transitions 
are 
conditioned 
by 
82385 
bus 
inputs 
(BNA'" , 


BHOLD, etc.). Whereas a "pending request" to the 
80386 state machine indicates that the 80386 exe- 
cution or prefetch unit needs bus access, a pending 
request to the 82385 state machine indicates that an 
80386 bus cycle needs to be forwarded to the sys- 
tem (read miss, non-cacheable read, write, etc.). 
The only difference between the state machines is 
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that the 82385 does not implement a direct BT1P- 
BT2P transition. If BNA# is asserted in BT1P, the 
resulting state sequence is BT1P-BT21-BT2P.The 
82385's ability to sustain a pipeline is not affected by 
the lack of this state transition. 


The 82385's slave mode state machine (Figure 
5-1B) is similar to the master mode machine except 
that now transitions are conditioned by BHLDA rath- 
er than BHOLD. (Recall that in slave mode, the roles 
of BHOLD and BHLDA are reversed from their mas- 
ter mode roles.) Figure 5-2 clarifies slave mode state 
machine operation. Upon reset, a slave mode 82385 
enters the BTH state. When the 80386 of the slave 
82385 subsystem has a cycle that needs to be for- 
warded to the system, the 82385 moves to BTI and 
issues a hold request via BHOLD. It is important to 
note that a slave mode 82385 does not drive the bus 
in a BTI state. When the master or bus arbiter re- 
turns BHLDA, the slave 82385 enters BT1 and runs 
the cycle. When the cycle is completed, and if no 
additional requests are pending, the 82385 moves 
back to BTH and disables BHOLD. 


If, while a slave 82385 is running a cycle, the master 
or arbiter drops BHLDA (Figure 5-2B), the 82385 will 
complete the current cycle, move to BTH and re- 
move the BHOLD request. If the 82385 still had cy- 
cles to run when it was kicked off the bus, it will 
immediately assert a new BHOLD and move to BTI 
to await bus acknowledgement. Note, however, that 
it will only move to BTI if BHLDA is negated, ensur- 
ing that the handshake sequence is completed. 


There are several cases in which a slave 82385 will 
not 
immediately release 
the 
bus if 
BHLDA 
is 


dropped. For example, if BHLDA is dropped during a 
BT2P state, the 82385 has already committed to the 
next system bus pipelined cycle and will execute it 
before releasing the bus. Also, the 82385 will com- 
plete the second half of a two-cycle 16-bit transfer, 
or will complete a sequence of locked cycles before 
releasing the bus. This should not present any prob- 
lems, as a properly designed arbiter will not assume 
that the 82385 has released the bus until it sees 
BHOLD become inactive. 


t 
ARBITER 
DROPS BHLDA 


B. Sequence of Events If Master or Arbiter Drops BHLDA 


. Figure 5-2. BHOLD/BHLDA-8lave 
Mode 


The 82385 bus can be broken up into two groups of 
signals: those which have direct 80386 counterparts, 
and additional status and control signals provided by 
the 82385. The operation and interaction of all 
82385 bus signals are depicted in Figures 5-3A 
through 5-3L for a wide variety of cycle sequences. 
These diagrams serve as a reference for the 82385 
bus discussion and provide insight into the dual bus 
operation of the 82385. 


5.2.1 82385 Bus Counterparts to 


80386 Signals 


The following sections discuss the signals presented 
on the 82385 local bus which are functional equiva- 
lents to the signals present at the 80386 local bus. 


5.2.1.1 ADDRESS BUS (BA2-BA31) 
AND 


CYCLE DEFINITION SIGNALS 
(BM/IO#, 
BD/C#, 
BW/R#) 


These signals are not driven directly by the 82385, 
but rather are the outputs of the 74374 addressl cy- 
cle definition latch. (Refer to Figure 4-1 for the hard- 
ware interface.) This latch is controlled by the 82385 
BACP and BAOE# outputs. The behavior and timing 
of these outputs and the latch they control (typically 
F or 
AS series TIL) 
ensure that 
BA2-BA31, 


BMIIO#, 
BW/R#, 
and BO/C# 
are completely 


compatible in timing and function to their 80386 
counterparts. 


The behavior of BACP can be seen in Figure 5-3B, 
where the rising edge of BACP latches and forwards 
the 80386 address and cycle definition signals in a 
BT1 or first BT2P state. However, the 82385 need 
not be the current bus master to latch the 80386 
address, as evidenced by cycle 4 of Figure 5-3A. In 
this case, the address is latched in frame 8, but not 
forwarded to the system (via BAOE#) until frame 
10. (The latch and output enable functions of the 
74374 
are 
independent 
and 
invisible 
to 
one 


another.) 


Note that in frames 2 and 6 the BACP pulses are 
marked "False." The reason is that BACP is issued 
and the address latched before the hit/miss deter- 
mination is made. This ensures that should the cycle 
be a miss, the 82385 bus can move directly into BT1 
without delay. In the case of a hit, the latched ad- 
dress is simply never qualified by the assertion of 
BAOS#. The 82385 bus stays in BTI if there is no 
access pending (new cycle is a hit) and no bus activ- 
ity. It will move to and stay in BT21if the system has 
requested a pipelined cycle and the 82385 does not 
have a pending bus access (new cycle is a hit). 


5.2.1.2 DATA BUS (BOO-BD31) 


The 82385 data bus is the system side of the 74646 
latching transceiver. (See Figure 4-1.) This device is 
controlled by the 82385 outputs LOSTB, OOE# , and 
BT/R#. 
LOSTB latches data in write cycles, OOE# 


enables the transceiver outputs, and BTIR # con- 
trols the transceiver direction. The interaction of 
these signals and the transceiver is such that BDO- 
B031 behave just like their 80386 counterparts. The 
transceiver is configured such that data flow in write 
cycles (A to B) is latched, and data flow in read cy- 
cles (B to A) is flow-through. 


Although BOO-B031 function just like their 80386 
counterparts, there is a timing difference that must 
be accommodated for in a system design. As men- 
tioned above, the transceiver is transparent during 
read cycles, so the transceiver propagation delay 
must be added to the 80386 data setup. In addition, 
the cache SRAM setup must be accommodated for 
in cache read miss cycles. 
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The required BOO-B031 setup in a cache read miss 
is given by: 
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If a data buffer is located between the 80386 data 
bus and the cache SRAMs, then its maximum propa- 
gation delay must be added to the above formula as 
well. A design analysis should be completed for ev- 
ery new design to determine actual margins. 


A design can accommodate the increased data set- 
up by choosing appropriately fast main memory 
ORAMs and data buffers. Alternatively, a designer 
may deal with the longer setup by inserting an extra 
wait state into cache read miss cycles. If an addition- 
al state is to be inserted, the system bus controller 
should sample the 82385 MISS# output to distin- 
guish read misses from cycles that do not require 
the longer setup. Tips on using the 82385 MISS# 
signal are presented later in this chapter. 


The behavior of LOSTB, OOE#, and BT/R # can be 
understood via Figures 5-3A through 5-3L. Note that 
in cycle 1 of Figure 5-3A (a non-cacheable system 
read), OOE# is activated midway through BT1, but 


in cycle 1 of Figure 5-3B (a cache read miss), DOE# 
is not activated until midway through BT2. As de- 
scribed in the last chapter, the reason is that in a 
cacheable read cycle, the cache SRAMs are en- 
abled to drive the 80386 data bus before the out- 
come of the hit/miss decision (in anticipation of a 
hit). In cycle 1 of Figure 5-3B, the assertion of 
DOE# must be delayed until after the 82385 has 
disabled the cache output buffers. The result is that 
N= 0 main memory should not be mapped ir:ttothe 
cache. 


5.2.1.3 BYTE ENABLES (BBEO#-BBE3#) 


These outputs are driven directly by the 82385, and 
are completely compatible in timing and function 
with their 80386 counterparts. When an 80386 cycle 
is forwarded to the 82385 bus, the 80386 byte en- 
ables are duplicated on BBEO#-BBE3#. 
The one 


exception 
is a cache 
read miss, during which 


BBEO#-BBE3# 
are all active regardless of the 


status of the 80386 byte enables. This ensures that 
the cache is updated with a valid 32-bit entry. 


BADS# 
is identical in function and timing to its 


80386 counterpart. It is asserted in BT1 and BT2P 
states, and indicates that valid address and cycle 
definition (BA2-BA31, 
BBEO#••BBE3#, 
BM/IO#, 
BW/R#, 
BD/C#) 
information is available on the 


82385 bus. 


5.2.1.5 READY (BREADY#) 


The 82385 BREADY# input terminates 82385 bus 
cycles just as the 80386 READY# input terminates 
80386 bus cycles. The behavior of BREADY# is the 
same as that of READY#, but note in the A.C. timing 
specifications that a cache read miss requires a 
longer BREADY# setup than do other cycles. This 
must be accommodated for in ready logic design. 


BNA# is identical in function and timing to its 80386 
counterpart. Note that in Figures 5-3A through 5-3L, 
BNA# is assumed asserted in every BT1P or first 
BT2 state. Along with the 82385's pipelining of the 
80386, this en~ures that the timing diagrams accu- 
rately reflect the full pipelined nature of the dual bus 
structure. 


5.2.1.7 BUS LOCK (BLOCK#) 


The 80386 flags a locked sequence of cycles by as- 
serting LOCK#. 
During a locked sequence, the 


80386 does not acknowledge hold requests, so the 
sequence executes without interruption by another 
master. The 82385 forces all locked 80386 cycles to 
run on the 82385 bus (unless LBA# is active), re- 
gardless of whether or not the referenced location 
resides in the cache. In addition, a locked sequence 
of 80386 cycles is run as a locked sequence on the 
82385 bus; BLOCK# is asserted and the 82385 
does not allow the sequence to be interrupted. 
Locked writes (hit or miss) and locked read misses 
affect the cache and cache directory just as their 


unlocked counterparts do. A locked read hit, howev- 
er, is handled differently. The read is necessarily 
forced to run on the 82385 local bus, and as the 
data returns from main memory, it is "re-copied" into 
the cache. (See Figure 5-3L.) The directory is not 
changed as it already indicates that this location ex- 
ists in the cache. This activity is invisible to the sys- 
tem and ensures that semaphores are properly han- 
dled. 


BLOCK# is asserted during locked 82385 bus cy- 
cles just as LOCK# is asserted during locked 80386 
cycles. The BLOCK# maximum valid delay, howev- 
er, differs from that of LOCK#, and this must be 
accounted for in any circuitry that makes use of 
BLOCK#. The difference is due to the fact that 
LOCK#, unlike the other 80386 cycle definition sig- 
nals, is not pipelined. The situation is clarified in Fig- 
ure 5-3K. In cycle 2 the state of LOCK# 
is not 


known before the corresponding system read starts 
(Frames 4 and 5). In this case, LOCK# is asserted 
at the beginning of T1P, and the delay for BLOCK# 
to become active is the delay of LOCK# from the 
80386 
plus the 
propagation delay through 
the 


82385. This occurs because T1P and the corre- 
sponding BT1P are concurrent (Frame 5). The result 
is that BLOCK# should not be sampled at the end 
of BT1P. The first appropriate sampling point is mid- 
way through the next state, as shown in Frame 6. In 
Figure 5-3L, the maximum delay for BLOCK# to be- 
come valid in Frame 4 is the same as the maximum 
delay for LOCK# to become valid from the 80386. 
This is true since the pipelining issue discussed 
above does not occur. 


The 82385 bus provides two status outputs and one 
control input that are unique to cache operation and 


thus have no 80386 counterparts. The outputs are 
MISS#, and WBS, and the input is FLUSH. 


5.2.2.1 CACHE 
READ/WRITE 
MISS 


INDICATION 
(MISS#) 


MISS# can be thought of as an extra 82385 bus 
cycle definition signal similar to BM/IO#, 
BW/R#, 


and BD/C#. that distinguishes cacheable read and 
write misses from other cycles. MISS#, like the oth- 
er definition signals, becomes valid with BADS# 
(BT1 or first BT2P). The behavior of MISS# is illus- 
trated in Figures 5-3B, 5-3C, and 5-3J. The 82385 
floats MISS# when another master owns the bus, 
allowing multiple 82385s to share the same node in 
multi-cache systems. MISS# should thus be lightly 
pulled up (- 20 KO) to keep it negated during hold 
(BTH) states. 


MISS# can serve several purposes. As discussed 
previously, the BDO-B031 
and BREADY# 
setup 


times in a cache read miss are longer than in other 
cycles. A bus controller can distinguish these cycles 
by gating MISS# with BW/R#. 
MISS# 
may also 


prove useful in gathering 82385 system perform- 
ance data. 


5.2.2.2 WRITE 
BUFFER 
STATUS 
(WBS) 


WBS is activated when 80386 write cycle data is 
latched into the 84646 latching transceiver (via 
LDSTB). It is deactivated upon completion of the 
write cycle on the 82385 bus when the 82385 sees 
the BREADY# signal. WBS behavior is illustrated in 
Figures 5-3F through 5-3J, and potential applica- 
tions are discussed in chapter 3. 
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Figure 5-3A. Consecutive SBRD Cycles-(N 
= 0) 
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Figure 5-3C. SBRO, CROM, SBRD--{N 
= 2) 
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Figure 5-30. SBRO Cycles Interleaved 
with BTH States-(N 
= 1) 


4-322 


80386 
CYCLE I 
CROH 
SBRD 
CRDH 
SBRD 


80386 
BUS STATE 
Tl I 
T2 
T1 
T2 I T2P 
T2P 
TIP I 
T2 
Tl 
I 
T2 


/ 
T2P 


80385 
BUS STATE 
BTI 
Bn 
Bn 
'BTl 
BT2 
BT21 
Bn 
Bn 
Bn 
BTl 
BT2 


CLK2 


CLK 


ADSN 


READYIN 


BADSN 


BREADYN 


BACP 


DOEN 


rRAt.lE 
2 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
NU!jBER 


290143-33 


Figure 5-3E. Interleaved 
SBRD/CRDH 
Cycles-(N 
= 1) 
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5.2.2.3 CACHE 
FLUSH (FLUSH) 


FLUSH.is an 82385 input which is used to reset all 
tag valid bits within the cache directory. The FLUSH 
input must be kept active for at least 4 ClK (8 ClK2) 
periods to complete the directory flush. Flush is gen- 
erally used in diagnostics but can also be used in 
applications where snooping cannot guarantee co- 
herency. 


5.3 
BUS WATCHING 
(SNOOP) 


INTERFACE 


The 82385's bus watching interface consists of the 
snoop 
address 
(sA2-sA31), 
snoop 
strobe 


(ssTB#), 
and snoop enable (sEN) inputs. If mas- 


ters reside at the system bus level, then the sA2- 
sA31 inputs are connected to the system address 
lines and sEN the system bus memory write com- 
mand. ssTB II indicates that a valid address is pres- 
ent on the system bus. Note that the snoop bus in- 
puts are synchronous, so care must be taken to en- 
sure that they are stable during their sample win- 
dows. If no master resides beyond the 82385 bus 
level, then sA2-sA31, 
sEN, and ssTBII 
can re- 
spectively tie directly to BA2-BA31, 
BW/RII, 
and 


BAOsII. However, it is recommended that sEN be 
driven 
by the 
logical 
"ANO" 
of 
BW/RII 
and 


BM/IOII 
so as to prevent 110 writes from unneces- 
sarily invalidating cache data. 


When the 82385 detects a system write by another 
master, it internally latches sA2-sA31 
and runs a 


cache look-up to see if the altered main memory 
location is duplicated in the cache. If yes (a snoop 
hit), the line valid bit associated with that cache en- 
try is cleared. An important feature of the 82385 is 
that even if the 83086 is running zero wait state hits 
out of the cache, all snoops are serviced. This is 
accomplished by time multiplexing the cache direc- 
tory between the 80386 address and latched system 
address. If the ssTB II 
signal occurs during an 


82385 comparison cycle (for the 80386), the 80386 
cycle has the highest priority in accessing the cache 
directory. This takes the first of the two 80386 
states. The other state is then used for the snoop 
comparison. This worst case example, depicted in 
Figure 5-4, shows the 80386 running zero wait state 
hits on the 80386 local bus, and another master run- 
ning zero wait state writes on the 82385 bus. No 
snoops are missed, and no performance penalty in- 
curred. 


Table 5-1 summarizes the states of all 82385 out- 
puts during reset and initialization. A slave mode 
82385 tri-states its "80386-like" front end. A master 
mode 82385 emits a pulse stream on its BACP out- 
put. As the 80386 address and cycle definition lines 
reach their reset values, this stream will latch the 
reset values through to the 82385 bus. 


inter 


Output Name 
Signal Level During RESET and Initialization 
r 
I. 


Master 
Mode 
Slave Mode 


NA# 
" 
High 


..~, 
High 
I 
I 
- .., 


READYO# 
High 
High 


BRDYEN# 


.. 


High 
". 
High 


CALEN 


. 


High 
High 


CWEA/I -CWEB # 
~i 
High 
I'" 
High 


CSO#-CS3# 
Low 
Low 


CT/R# 
High 
High 


COEA#-COEB# 
High 
. 
High 


" 
': 
. 
.-. 


BADS# 
, 
High 
HighZ 
. 


BBEO#-BBE3# 
386 BE# 
" 
HighZ 


u. 
; 
-. 


BLOCK# 
High 
t 
HighZ 
, 


MISS# 
High 


'. 
HighZ 
" .,' 


BACP 
.1 
Pulse(1) 
,'" 
Pulse 


BAOE# 
,. 
Low 
High 


BT/R# 
Low 
~ 
Low 


DOE# 
High 
" 
High 


LDSTB 
. 
Low 


I 
Low 
... 


BHOLD 
I, 
- 
Low 


BHLDA 
Low 
- 


WBS 
Low 
Low 


NOTE: 
1. In Master 
Mode. 
BADE# 
is low and BACP emits 
a pulse 
stream 
during 
reset. 
As the 80386 
address 
and cycle 
definition 
signals 
reach their reset values. 
the pulse stream 
on BACP will latch these 
values 
through 
to the 82385 
local bus. 


6.0 
82385 SYSTEM 
DESIGN 
CONSIDERATIONS 


The 82385 utilizes 8 power (Vcc> and 10 ground 
(Vss) pins. All Vcc and Vss pins must be connected 
to their appropriate plane. On a printed circuit board, 
all Vcc pins must be connected to the power plane 
and all Vss pins must be connected to the ground 
plane. 


This chapter discusses techniques which should be 
implemented in an 82385 system. Because of the 
high frequencies and high performance nature of the 
80386/82385 
system, good design and layout tech- 
niques are necessary. It is always recommended to 
perform a complete design analysis on new system 
designs. 


6.2.2 
Power Decoupllng 


Although the 82385 itself is generally a "passive" 
device in that it has few output signals, the cache 


inter 


subsystem 
as a whole is quite active. Therefore, 
lib- 
eral 
decoupling 
capacitance 
should 
be 
placed 


around the 82385 cache 
subsystem. 


Low 
inductance 
capacitors 
and 
interconnects 
are 


recommended 
for best high frequency 
electrical 
per- 


formance. 
Inductance 
can be reduced 
by shortening 


circuit board traces 
between 
the decoupling 
capaci- 
tors and their respective 
devices 
as much as possi- 
ble. Capacitors 
specifically 
for 
PGA 
packages 
are 


also commercially 
available, 
for the lowest 
possible 


inductance. 


Because 
of the dual bus structure 
of the 82385 sub- 
system (80386 Local Bus and 82385 Local Bus), any 
signals which are recommended 
to be pulled up will 


be respective 
to one of the busses. 
The following 


sections 
will discuss 
signals for both busses. 


For typical designs, 
the pullup resistors 
shown in Ta- 


ble 6-1 are recommended. 
This table 
correlates 
to 


chapter 
7 of the 80386 Data Sheet. However, 
partic- 


ular designs 
may have a need to differ frOm the list- 


ed values. 
Design 
analysis 
is recommended 
to de- 
termine 
specific 
requirements. 


Pullup resistor 
recommendations 
for the 82385 
Lo- 


cal Bus signals are shown in Table 6-2. Design anal- 
ysis is necessary 
to determine 
if deviations 
to the 


typical 
values 
given is needed. 


Table 
6·1. Recommended 
Resistor 
PUllups 
to 


Vcc (80386 Local 
Bus) 


Pin and 
Pullup 
Purpose 
Signal 
Value 


ADS# 
20 Kfi 
±10% 
Lightly Pull ADS# 


E13 
Negated for 80386 
Hold States 


LOCK# 
20 Kfi 
±10% 
Lightly Pull LOCK # 


F13 
Negated for 80386 
Hold States 


Table 
6·2. Recommended 
Resistor 
Pullups 
to 


Vcc (82385 Local 
Bus) 


Signal 
and 
Pullup 
Purpose 
Pin 
Value 


BADS# 
20 Kfi 
±10% 
Lightly Pull BADS# 


N9 
Negated for 82385 
Hold States 


BLOCK # 
20 Kfi 
±10% 
Lightly Pull BLOCK# 


P9 
Negated 
for 82385 
Hold States 


MISS# 
20Kfi 
±10% 
Lightly Pull MISS # 


N8 
Negated 
for 82385 


Hold States 


6.3.1 
Configuration 
Inputs 


The 
82385 
configuration 
signals 
(M/S#. 
2W/D#) 


must 
be connected 
(pulled 
up) to t/1e appropriate 


logic level for the system design. There are also two 
reserved 
82385 inputs which must be tied to the ap- 


propriate 
level. Refer to Table 6-3 for the signals and 


their required 
logic level. 


Table 
6·3. 82385 Configuration 
Inputs 
Logic 
Levels 


Pin and 
Logic 
Purpose 
Signal 
Level 


M/S# 
High 
Master Mode Operation 


B13 
Low 
Slave Mode Operation 


2W/D# 
High 
2-Way Set Associative 


D12 
Low 
Direct Mapped 


Reserved 
High 
Must be tied to Vcc via 


L14 
a pull-up for proper 
functionality 


Reserved 
High 
Must be tied to Vcc via 


A14 
a pull-up for proper 
functionality 


NOTE: 
The 
listed 
82385 
pins 
which 
need 
to be tied 
high 
should 


use a pull-up 
resistor 
in the range 
of 5 KO to 20 KO. 


The 82385 
has two inputs to which the 80386 CLK2 


signal 
must 
be 
connected. 
One 
is labeled 
CLK2 


(82385 
pin C13) 
and 
the 
other 
is labeled 
BCLK2 


(82385 
pin L13). These 
two inputs 
must be tied to- 
gether 
on the printed 
circuit 
board. 


The 82385 also has two reset inputs. RESET (82385 
pin 013) and BRESET (82385 pin K12) must be con- 
nected 
on the printed 
circuit board. 


For reliable 
operation, 
ALWAYS 
connect 
unused 
in- 


puts to a valid logic level. As is the case with most 
other CMOS processes. 
a floating 
input will increase 


the current 
consumption 
of the component 
and give 


an indeterminate 
state to the component. 


The 82385 offers the option of using SRAMs with or 
without 
an output 
enable 
pin. This is possible 
by in- 


serting 
a transceiver 
between 
the SRAMs 
and the 


80386 
local data bus. This transceiver 
may also be 


desirable 
in a system which 
has a very heavily load- 


ed 80386 local data bus. The following 
sections 
dis- 


cuss the SRAM 
requirements 
for all cache 
configu- 


rations. 


6.5.1 
Cache Memory without 
Transceivers 


As discussed 
in section 
3.2, the 82385 
presents 
all 


of the control 
signals necessary 
to access the cache 


memory. The SRAM chip selects, 
write enables, 
and 


output enables 
are driven directly 
by the 82385. Ta- 


ble 
6-4 
lists' 
the 
required 
SRAM 
specifications. 


These 
specifications 
allow 
for 
zero 
margin. 
They 


should 
be used as guides for the actual system 
de- 


sign. 


6.5.2 
Cache Memory With 
Transceivers 


To 
implement 
an 
82385 
subsystem 
using 
cache 


memory 
transceivers, 
it is necessary 
to create 
an 


output 
enable 
signal for the transceiver. 
In a 2-way 


set associative 
organization 
this signal is the logical 
"AND" 
of COEA# 
and CWEA# 
for bank A and the 
"AND" 
of COEB# 
and CWEB# 
for bank B. A direct 


mapped 
cache 
needs 
to only 
use the 
equation 
of 


one bank 
(A or B). All other 
cache 
control 
signals 


are driven 
directly 
by the 82385. 
Table 6-5 lists the 


required 
SRAM 
specifications. 
These 
specifications 


allow 
for 
zero 
margin. 
They 
should 
be 
used 
as 


guides for the actual system 
design. 


. 


" 
SRAM Spec Requirements 


~. 
Direct Mapped 
2-Way Set Associative 


16 MHz 
20 MHz 
16 MHz 
20 MHz 


Read Cycle Requirements 
Address 
Access 
(MAX) 
64 ns 
44 ns 
62 ns 
42 ns 
Chip Select Access 
(MAX) 
76 
56 
76 
56 
OE# 
to Data Valid (MAX) 
25 
19 
19 
14 
OE # to Data Float (MAX) 
20 
20 
20 
20 


Write Cycle Requirements 
l 


Chip Select to End of Write (MIN) 
40 
30 


" 
40 
30 
Address 
Valid to End of Write (MIN) 
58 
42 
56 
40 
Write Pulse Width (MIN) 
40 
30 
40 
30 
Data Setup (MAX) 
- 
- 
- 
- 
Data Hold (MIN) 
• 0'" 
4 
4 
4 
4 


inter 


Table 6-5. SRAM Specs for Buffered 
Cache Memory 


SRAM Spec Requirements 


Direct Mapped 
16 MHz 
20 MHz 
2-Way Set Associative 
16 MHz 
20 MHz 


Read Cycle Requirements 
Address Access (MAX) 
57 ns 
37 ns 
55 ns 
35 ns 
Chip Select Access (MAX) 
68 
48 
68 
48 
OEII to Data Valid (MAX) 
N/A 
N/A 
N/A 
N/A 
OE/I to Data Float (MAX) 
N/A 
N/A 
N/A 
N/A 


Write Cycle Requirements 
Chip Select to End of Write (MIN) 
40 
30 
40 
30 
Address Valid to End of Write (MIN) 
58 
42 
56 
40 
Write Pulse Width (MIN) 
40 
30 
40 
30 
Data Setup (MAX) 
25 
15 
25 
15 
Data Hold (MIN) 
3 
3 
3 
3 


Power On Self Testing (POST) is peiformed by most 
systems after a reset. This chapter discusses the 
requirements for properly testing an 82385 based 
system after power up. 


Most systems perform a memory test by writing a 
data pattern and then reading and comparing the 
data. This test may also be used to determine the 
total available memory within the system. Without 
properly taking into account the 82385 cache mem- 
ory, the memory test can give erroneous results. 
This will occur if the cache responds with read hits 
during the memory test routine. 


In order to properly test main memory, the test rou- 
tine must not read from the same block consecutive- 
ly. For instance, if the test routine writes a data pat- 
tern to the first 32 kbytes of memory (0000-7FFFH), 
read from the same block, writes a new pattern to 
the same locations (0000-7FFFH), 
and read the 


new pattern, the second pattern tested would have 
had data returned from the 82385 cache memory. 
Therefore, it is recommended that the test routine 
work with a memory block of at least 64 kbytes. This 
will guarantee that no 32 kbyte block will be read 
twice consecutively. 


With the addition of SRAMs for the cache memory, it 
may be desirable for the system to be able to test 
the cache SRAMs during system diagnostics. This 
requires the test routine to access only the cache 
memory. The requirements for this routine are based 
on where it resides within the memory map. This can 
be broken into two areas: the routine residing in 
cacheable memory space or the routine residing in 
either non-cacheable memory or on the 80386 local 
bus (using the LBAII input). 


7.3.1 
Test Routine in the NCA# 
or 


LBA # Memory Map 


In this configuration, the test routine will never be 
cached. The recommended method is code which 
will access a single 32 kbyte block during the test. 
Initially, a 32 kbyte read (assume 0000-7FFFH) must 
be executed. This will fill the cache directory with the 
address information which will be used in the diag- 
nostic procedure. Then, a 32 kbyte write to the same 
address locations (0000-7FFFH) will load the cache 
with the desired test pattern (due to write hits). The 
comparison can be made by completing another 
32 
kbyte 
read 
(same locations, 
0000-7FFFH), 


which will be cache read hits. Subsequent writes and 
reads to the same addresses will enable various pat- 
terns to be tested. 


inter 


7.3.2 
Test Routine in Cacheable 
Memory 


In this case, it must be understood that the diagnos- 
tic routine must reside in the cache memory before 
the actual data testing can begin. Otherwise, when 
the 80386 performs a code fetch, a location within 
the cache memory which is to be tested will be al- 
tered due to the read miss (code fetch) update. 


The first task is to load the diagnostic routine into 
the top of the cache memory. It must be known how 
much memory is required for the code as the rest of 
the cache memory will be tested as in the earlier 
method. Once the diagnostics have been cached 
(via read updates), the code will perform the same 
type of read/write/read/compare 
as in the routine 


explained in the previous section. The difference is 
that now the amount of cache memory to be tested 
is 32 kbytes minus the length of the test routine. 


7.4 82385 CACHE 
DIRECTORY 


TESTING 


Since the 82385 does not directly access the data 
bus, it is not possible to easily complete a compari- 
son of the cache directory. However, the cache 
memory tests described in section 7.3 will indicate if 
the directory is working properly. Otherwise, the data 
comparison within the diagnostics will show loca- 
tions which fail. 


There is a slight possibility that the cache memory 
comparison could pass even if locations within the 
directory gave false hit/miss 
results. This could 


cause the comparison to always be performed to 
main memory instead of the cache and give a proper 
comparison to the 80386. The solution here is to use 
the MISS,*, output of the 82385 as an indicator to a 
diagnostic port which can be read by the 80386. It 
could also be used to flag an interrupt if a failure 
occurs. 


The implementation of these techniques in the diag- 
nostics will guarantee the proper functionality of the 
82385 subsystem. 


As mentioned in chapter 3, there are three 82385 
pins which have reserved functions in addition to 
their normal operational functions. These pins are 
MISS,*" was, and FLUSH. 


As discussed previously, the 82385 performs a di- 
rectory flush when the FLUSH input is held active for 
at least 4 CLK (8 CLK2) cycles. However, the 
FLUSH pin also serves as a diagnostic input to the 
82385. The 82385 will enter a reserved mode if the 
FLUSH pin is high at the falling edge of RESET. 


If, during normal operation, the FLUSH input is ac- 
tive for only one CLK (2 CLK2) cycle/s, the 82385 
will enter another reserved mode. Therefore it must 
be guaranteed that FLUSH is active for at least the 4 
CLK (8 CLK2) cycle specification. 


was and MISS,*, serve as outputs in the 82385 re- 
served modes. 


This chapter discusses the physical package and its 
connections in detail. 


The 82385 pinout as viewed from the top side of the 
component is shown by Figure 8-1. Its pinout as 
viewed from the Pin side of the component is shown 
in Figure 8-2. 


Vcc and Vss connections must be made to multiple 
Vcc and Vss (GND) pins. Each Vcc and Vss must 
be connected to the appropriate voltage level. The 
circuit board should include Vcc and GND planes for 
power distribution and all Vcc and Vss pins must be 
connected to the appropriate plane. 
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8.3 
PACKAGE 
DIMENSIONS 
AND 


MOUNTING 


8.4 
PACKAGE 
THERMAL 


SPECIFICATION 


The 82385 
package 
is a 132-pin 
ceramic 
Pin Grid 


Array (PGA). The pins are arranged 
0.100 inch (2.54 


mm) center-to-center, 
in a 14 x 14 matrix, three rows 


around 
(Figure 8-3). 


The PGA case temperature 
should 
be measured 
at 


the center of the top surface 
opposite 
the pins, as in 


Figure 8-4. The case temperature 
may be measured 


in any environment 
to determine 
whether 
or not the 


82385 
is within the specified 
operating 
range. 
A wide variety 
of available 
sockets 
allow 
low inser- 
tion 
force 
or zero 
insertion 
force 
mounting. 
These 


come in a choice of terminals 
such as soldertail, 
sur- 
face mount, 
or wire wrap. 
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Figure 8-4. Measuring 82385 PGA Case Temperature 


Table 8·2. 82385 PGA Package Typical Thermal Characteristics. 


Thermal Reslstance-°C/Watt 
'-, 


Alrflow-13/mln 
(m3/sec) 


Parameter 
0 
50 
100 
200 
400 
600 
800 


(0) 
(0.25) 
(0.50) 
(1.01) 
(2.03) 
(3.04) 
(4.06) 


6 Junction-to-Case 
2 
2 
2 
2 
2 
2 
2 
(Case Measured 
as Figure 8.4) 


6 Case-ta-Ambient 
19 
18 
17 
15 
12 
10 
9 
(No Heatsink) 


6 Case-to-Ambient 
16 
15 
14 
12 
9 
7 
6 
(with Omnidirectional 
Heatsink) 


6 Case-to-Ambient 
15 
14 
13 
11 
8 
6 
5 
(with Unidirectional 
Heatsink) 


NOTES: 
1. Table 
8-2 applies 
to 82385 
PGA plugged 
into socket 
or soldered 
directly 
onto 
board. 
2. (JJA = (JJC + (JCA. 
3. (JJ-CAP = 4°C/W 
(approx.) 


(JJ.PIN = 4°C/W 
(inner 
pins) (approx.) 


(JJ.PIN = 8°C/W 
(outer 
pins) (approx.) 
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NOTE: 
Stress 
above 
those 
listed 
may 
cause 
permanent 


damage 
to the device. 
This 
is a stress 
rating 
only 


and functional 
operation 
at these 
or any other 
con- 


ditions 
above 
those 
listed 
in the 
operational 
sec- 


tions of this specification 
is not implied. 


Exposure 
to 
absolute 
maximum 
rating 
conditions 


for 
extended 
periods 
may 
affect 
device 
reliability. 


Although 
the 82385 
contains 
protective 
circuitry 
to 


resist 
damage 
from 
static 
electrical 
discharges, 
al- 


ways take 
precautions 
against 
high static 
voltages 


or electric 
fields. 


This chapter 
presents 
the A.C. and D.C. specifica- 
tions for the 82385. 


Storage Temperature 
- 65°C to + 150°C 


Case Temperature 
Under Bias 
- 65°C to + 11O·C 


Supply Voltage 
with Respect 
to VSS 
-0.5V 
to + 6.5V 


Voltage on any other Pin 
-0.5V 
to Vee + 0.5V 


9.3 D.C. SPECIFICATIONS 
TeAsE = O·Cto 
+85·C;Vee 
= 5V ±5%;Vss 
= OV 


Table 
9-1. D.C. Specifications 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


Vil 
Input Low Voltage 
-0.3 
0.8 
V 
(Note 1) 


VIH 
Input High Voltage 
2.0 
Vee + 0.3 
V 


VCl 
CLK2,BCLK2lnputLow 
-0.3 
0.8 
V 
(Note 1) 


VCH 
CLK2, BCLK2 Input High 
Vce 
- 
0.8 
Vce 
+ 0.3 
V 


VOL 
Output Low Voltage 
0.45 
V 
... 


VOH 
Output High Voltage 
2.4 
V 


Ice 
Power Supply Current 
275 
mA 
(Note 2) 


III 
Input Leakage Current 
±15 
,..,A 
OV < VJN:::;;Vce 


ILO 
Output Leakage Current 
±15 
,..,A 
0.45 < VOUT < Vce 


CIN 
Input Capacitance 
10 
pF 
(Note 3) 


CClK 
CLK2 Input Capacitance 
20 
pF 
(Note 3) 


NOTES: 
1. Minimum 
value 
is not 100% 
tested. 
2. Ice is specified 
with inputs 
driven to CMOS 
levels. 
Ice may be higher 
if driven 
to ITl levels. 
3. Sampled 
only. 


The A.C. specifications 
given in the following 
tables 


consist 
of 
output 
delays 
and 
input 
setup 
require- 


ments. 
The 
A.C. diagram's 
purpose 
is to illustrate 


the clock 
edges 
from 
which 
the timing 
parameters 


are measured. 
The reader should not infer any other 


timing relationships 
from them. For specific 
informa- 
tion on timing relationships 
between 
signals, refer to 


the appropriate 
functional 
section. 


A.C. spec measurement 
is defined 
in Figure 9-1. In- 


puts must be driven to the levels shown 
when A.C. 
specifications 
are 
measured. 
82385 
output 
delays 


are 
specified 
with 
minimum 
and 
maximum 
limits, 


which 
are measured 
as shown. 
82385 
input 
setup 


and hold times 
are specified 
as minimums 
and de- 


fine the smallest 
acceptable 
sampling 
window. 
With- 


in the sampling 
window, 
a synchronous 
input signal 


must be stable for correct 
82385 
operation. 


9.4.1 
Frequency Dependent 
Signals 


The 
82385 
has signals 
whose 
output 
valid 
delays 


are dependent 
on the clock 
frequency. 
These 
sig- 


nals are marked in the A.C. Specification 
Tables with 


a Note 1. 


CLK2 
[ 
2V 


LEGEND: 
A-Maximum 
output delay speciflC8lion 


B-Minimum 
output delay specification 


C-Minimum 
input setup specifICation 


B-Minimum 
input hold specification 


NOTES: 
1. Input waveforms 
have t,. s: 2.0 ns from 0.8V to 2.0V. 
2. Under 
rated 
loading 
82385 
output 
(t,. and tt! is typically 
s: 4.0 ns from 0.8V to 2.0V. 


FIgure 
9-1. Drive 
Levels 
and Measurement 
PoInts 
for A.C. SpecIfIcation 


A.C. SPECIFICATION 
TABLES 


Functional 
Operating 
Range: Vcc = 5V ±5%; 
TCASE = O°C to +85°C 


Table 
9-2. A.C. Specifications 


Symbol 
Parameter 
82385-16 
82385-20 
Units 
Notes 


Mln 
Max 
Mln 
Max 


t1 
Operating 
Frequency 
12 
16 
12 
20 
MHz 
_ f 


t2 
CLK2 Period 
31.25 
41.67 
25 
41.67 
ns 


t3 
CLK2 High Time 
, 


9 
8 
, 
ns 
, 


t4 
CLK2 Low Time 
9 
8 
ns 
. 


t5 
CLK2 Fall Time 
8 
8 
ns 


t6 
CLK2 Rise Time 
8 
8 
ns 


t7 
A(2-31), 
BE(0-3) 
11, 
25 
19 
ns 
(Note 1) 
Lock Setup Time 
, 


t8 
A(2-31), 
BE(0-3)I1, 
3 
3 
ns 


Lock Hold Time 


t9 
W/RI1, 
M/IOI1, 
D/CI1, 
28 
21 
ns 
(Note 1) 
ADSI1 Setup Time 


- 


t10 
W/RI1, 
M/IOI1, 
D/CI1, 
5 
5 
ns 


ADSI1 Hold Time 


t11 
READYI II Setup 
21 
12 
ns 
(Note 1) 


t12 
READYI II Hold 
4 
4 
ns 


t13 
LBAI1, NCAI1, X1611 5etupTime 
16 
10 
ns 


t14 
LBAI1, NCAI1, X1611 Hold Time 
4 
4 
ns 


t15 
RESET, BRESET Setup 
13 
12 
ns 


t16 
RESET, BRESET Hold 
4 
4 
ns 


t17 
NAil 
Delay 
15 
42 
15 
34 
ns 
(Note 1) CL = 25 pF 


t18 
READYOI1 
Delay 
4 
31 
4 
28 
ns 
(Note 1) CL = 25 pF 


t19 
BRDYEN II Delay 
4 
31 
4 
28 
ns 
CL = 40pF 


t21a 
CALEN Delay 
3 
25 
3 
19 
ns 
(Note 2) CL = 40 pF 


t21b 
CALEN Rising Delay 
3 
38 
3 
33 
ns 
(Notes 1, 3) 


t22a 
CWEA 11, CWEB II Delay 
14 
31 
12 
25 
ns 
(Notes 1, 4) CL = 75 pF 


t22b 
CWEA 11, CWEB II Pulse Width 
40 
30 
ns 
(Notes 1, 5) 


t23 
CS(0-3)11 
Delay 
14 
38 
12 
33 
ns 
(Notes 1, 6) CL = 50 pF 


t24 
CT/RI1 
Delay 
14 
38 
12 
33 
ns 
(Notes 1, 7) CL = 75 pF 


t25a 
COEAI1, 
COEBI1, 
Falling Delay 
1 
24 
1 
18 
ns 
(Note 8) CL = 75 pF 


t25b 
COEAI1, 
COEBI1, 
Falling Delay 
1 
30 
1 
23 
ns 
(Notes 1, 9) 


t25c 
COEA 11, COEB 11, Rising Delay 
5 
19 
5 
15 
ns 
(Note 10) 


t26 
CS(0-3) 
II Active to CWEA 11, 
40 
30 
ns 
(Notes 1, 5) 
CWEB II Rising 


t27 
CWEAI1, 
CWEBI1 
Falling 
0 
0 
ns 


to CS(0-3) 
II Falling Delay 


A.C. SPECIFICATION 
TABLES 
(Continued) 


Functional 
Operating 
Range: Vcc = 5V ± 5%; TCASE = O°C to + 85°C 


Symbol 
Parameter 
82385-16 
82385-20 
Units 
Notes 


Mln 
Max 
Mln 
Max 


t28 
CWEA IF, CWEB IF Rising to 
0 
0 
ns 


CALEN Rising and CS(O-3) 
IF 


Falling Delay 


t31 
SA(2-31) 
Setup 
25 
19 
ns 


t32 
SA(2-31) 
Hold 
3 
3 
ns 


t33 
BADSIF Valid Delay 
6 
33 
6 
28 
ns 
(Note 1) CL = 75 pF 


t34 
BADSIF Float Delay 
6 
35 
6 
30 
ns 


t55 
BLOCK IF, BBE(O-3) 
IF Valid Delay 
4 
36 
4 
30 
ns 
(Note 1) CL = 75 pF 


t56 
MISSIF Valid Delay 
4 
43 
4 
35 
ns 
(Note 1) CL = 75 pF 


t57 
MISSIF, BBE(O-3) 
IF , BLOCKIF 
4 
40 
4 
32 
ns 


Float Delay 


t58 
WBSDelay 
4 
36 
4 
30 
ns 
(Note 1) CL = 75 pF 


t35 
BNAIF Setup 
11 
9 
ns 


t36 
BNAIF Hold 
15 
15 
ns 


t37a 
BREADY IF Setup 
31 
26 
ns 
(Notes 
1, 11) 


t37b 
BREADY 
IF Setup 
21 
12 
ns 
(Note 12) 


t38 
BREADY 
IF Hold 
4 
4 
ns 


t40 
BACP Delay 
4 
23 
4 
18 
ns 
CL = 60 pF 


t41 
BAOEIF Delay 
4 
23 
4 
18 
ns 


t43a 
BT fR IF, DOE IF Delay 
2 
25 
2 
17 
ns 
CL = 50 pF 


t43b 
DOE IF Rising Delay 
4 
21 
4 
17 
ns 


t43c 
LDSTB Delay 
2 
33 
2 
26 
ns 
CL = 50 pF 


t44 
SEN, SSTBIF Setup 
15 
11 
ns 


t45 
SEN, SSTBIF Hold 
5 
5 
ns 


t46 
BHOLDSetup 
26 
17 
ns 
(Note 13) 


t47 
BHOLDHold 
5 
5 
ns 
(Note 13) 


t48 
BHLDADelay 
6 
33 
5 
28 
ns 
(Note 13) CL = 75 pF 


t49 
BHLDASetup 
20 
17 
ns 
(Note 14) 


inter 


A.C. SPECIFICATION 
TABLES 
(Continued) 


Functional 
Operating 
Range: 
VCC = 5V 
±5%; 
TCASE 
= Q·C to 
+85·C 


Table 9-2. 
A.C. Specifications 
(Continued) 


Symbol 
Parameter 
82385-16 
82385·20 
Units 
Notes 
Mln 
Max 
Mln 
Max 


t5Q 
BHLDAHold 
5 
5 
ns 
(Note 
14) 


t51 
BHOLDDelay 
6 
33 
6 
28 
ns 
(Note 
14) CL = 75 pF 


t59 
FLUSH 
Setup 
21 
16 
ns 


t6Q 
FLUSH 
Hold 
5 
5 
ns 


t61 
FLUSH 
Setup 
to RESET 
Low 
31 
26 
ns 


t62 
FLUSH 
Hold 
from 
RESET 
Low 
31 
26 
ns 


NOTES: 
1. Frequency 
dependent 
specifications. 
2. All cycles 
except 
cache 
write hit. CALEN 
triggers 
by PHI2 in TIP state. 


3. The end of cache 
write 
hit cycles. 
Triggered 
by PHI1. 
4. CWE# 
transitions 
by PHI1 in cache 
write hit cycles. 
CWE# 
transitions 
by PHI2 in cache 
read miss cycles. 
5. Used for cache 
data memory 
(SRAM) 
specifications. 
6. In cache 
write 
hit cycles, 
CS(0-3)# 
transition 
high by PHI2 and 
low by PHI1. 
In cache 
read 
miss 
cycles, 
CS(0-3)# 
transition 
high by PHI1 and low by PHI2. 
7. In cache 
write 
hit cycles, 
CT/R# 
transitions 
low by PHI2. In cache 
read hit cycles, 
CT/R# 
goes 
high by PHI2. In cache 
read miss cycles, 
CTlR# 
goes low by PHI1. 
8. Direct 
mapped 
configuration. 


9. Two way set associative 
configuration. 
10. COE# 
switches 
high by PHI1 at the end of a cache 
read hit cycle. 
11. Cache 
read miss cycles. 
12. Non-cacheable 
read cycles 
and system 
write cycles. 
13. Master 
mode 
configuration. 
BHOLD 
is an input and BHLDA 
is an output. 


14. Slave 
mode 
configuration. 
BHOLD 
is an output 
and BHLDA 
is an input. 


82385 


OUTPUT~ 


~CL 


290143-49 
CL indicates 
all parasitic 
capacitances. 


A2-31 
BEOI-31 
LOCKI 


W/RI 
W/IOI 
D/CI 


ADSI 


LBAI 
NCAI 
X161 


READYII 


Cache Write Hit Cycle 


TI.1P 
T2 
I PHil 
: PHI2 
I PHil 
: PHI2 
I PHil 
: PHI2 


CLK2 


CALEN 


cs* 


CWE* 


CT/R* 


290143-52 


Cache Update Cycle 


TIP 
T2P 
TIP 


inter 


COEN 
(DIRECT MAPPED) 


COEN 
(2WAY) 


CALEN 
(11 P) 


BHOLD 
(MASTER 
CONF"IG.) 


BHLDA 
(SLAVE 
CONF"IG.) 


Tl. TlP 


PHI2 
T2. T2P 


PHI2 


BADS#.BBE# 
BLOCK# 
•••ISS# 


(VALID 
DELAY) 


BADS#.BBE# 
BLOCK# 
•••ISS# 


fLOAT 
DELAY 


BHOLD 
(SLAVE 
CONfIG.) 


BHLDA,WBS 
("'ASTER 
CONfIG.) 


Signal 
Signal Function 
Active 
Input/ 
Trl-State 


Group/Name 
State 
Output 
Output? 


80386 INTERFACE 


RESET 
386 Reset 
High 
I 
- 


A2-A31 
386 Address 
Bus 
High 
I 
- 


BEO#-BE3# 
386 Byte Enables 
Low 
I 
- 


CLK2 
386 Clock 
- 
I 
- 


READYO# 
Ready Output 
Low 
0 
No 


BRDYEN# 
Bus Ready Enable 
Low 
0 
No 


READYI# 
386 Ready Input 
Low 
I 
- 


ADS# 
386 Address 
Status 
Low 
I 
- 


M/IO# 
386 Memory 11/0 Indication 
- 
I 
- 


W/R# 
386 WritelRead 
Indication 
- 
I 
- 


D/C# 
386 Data/Controllndication 
- 
I 
- 


LOCK# 
386 Lock Indication 
Low 
I 
- 


NA# 
386 Next Address 
Request 
Low 
0 
No 


CACHE CONTROL 


CALEN 
Cache Address 
Latch Enable 
High 
0 
No 


CT/R# 
Cache Transmit/Receive 
- 
0 
No 


CSO#-CS3# 
Cache Chip Selects 
Low 
0 
No 


COEA#, 
COEB# 
Cache Output Enables 
Low 
0 
No 


CWEA#, 
CWEB# 
Cache Write Enables 
Low 
0 
No 


LOCAL DECODE 


LBA# 
386 Local Bus Access 
Low 
I 
- 


NCA# 
Non-Cacheable 
Access 
Low 
I 
- 


X16# 
16-Bit Access 
Low 
I 
- 


STATUS 
AND CONTROL 


MISS# 
Cache Miss Indication 
Low 
0 
Yes 


WBS 
Write Buffer Status 
High 
0 
No 


FLUSH 
Cache Flush 
High 
I 
- 


82385 INTERFACE 


BREADY# 
385 Ready Input 
Low 
I 
- 


BNA# 
385 Next Address 
Request 
Low 
I 
- 


BLOCK# 
385 Lock Indication 
Low 
0 
Yes 


BADS# 
385 Address 
Status 
Low 
0 
Yes 


BBEO#-BBE3# 
385 Byte Enables 
Low 
0 
Yes 


inter 


Signal 
Signal Function 
Active 
Input! 
Trl-State 


Group/Name 
State 
Output 
Output? 


DATA/ADDR 
CONTROL 


LOSTB 
Local Oata Strobe 
Pos.Edge 
0 
No 


OOE# 
Oata Output Enable 
Low 
0 
No 


BT/R# 
Bus Transmit/Receive 
- 
0 
No 


BACP 
Bus Address 
Clock Pulse 
Pos.Edge 
0 
No 


BAOE# 
Bus Address 
Output Enable 
Low 
0 
No 


CONFIGURATION 


2W/O# 
2-Way/Oirect 
Map Select 
- 
I 
, 


M/S# 
Master/Slave 
Select 
- 
I 
-, 


COHERENCY 


SA2-SA31 
Snoop Address 
Bus 
High 
I 
- 


SSTB# 
Snoop Strobe 
Low 
I 
- 


SEN 
Snoop Enable 
High 
I 
- 


ARBITRATION 


BHOLD 
Hold 
High 
I/O 
No 


BHLOA 
Hold Acknowledge 
High 
I/O 
No 


DOCUMENT: 
ADVANCE 
INFORMATION 
DATA SHEET 


PRIOR REV: 
290143-001 
JULY 1987 


NEW REV: 
290143-002 


Change 
# 
Page /I 
Para. /I 
Change 
I, 
. 


1. 
4 
10.0 
ADD: 
Revision History 


2. 
7 
Fig. 1-3 
MOVE: 
Buffers/Latches 
closer to system bus 


3. 
17 
3.3 
ADD: 
"The signals must be kept stable during the entire time the 
address is valid. They are not internally 
latched by the 82385." 


4. 
21 
Fig. 4-1 
CHANGE: 
82386 to 80386 in R.H. box 


5. 
31 
Fig.4-6B 
EXTEND: 
COEA# 
signal into Frame II before falling 


6. 
34 
Fig. 5-2 
MOVE 
Arrow of "82385 
Re-asserts 
BHOLO" 
to point to BHOLO BTI 


7. 
43 
Fig. 5-3 
CHANGE 
Header in Frame II to BTH 


8. 
46 
Table 6-3 
CHANGE' 
Reserved 
L14 logic level to "high" 
and purpose to "must 
be 


tied to Vcc via a pull-up for proper functionality" 


9. 
55 
Table 9·1 
CHANGE- 
Ice Max to 275 


10. 
58 
Table 9·2 
CHANGE 
t58 82385·16 
Max to 36 


11. 
58 
Table 9-2 
CHANGE 
t58 82385-20 
Max to 30 


12. 
Last 
- 
INSERT: 
this Revision 
History 


Graphics Coprocessor 
Family 
5 


• 
Low Cost Graphics 
and Text Capability 


• 
Minimum 
Chip Count Display Controller 


• 
Displays 
Up to 16 Bit Map and, 


Character 
Objects 
of Any Size' 


• 
On-Chip 
16/4096 
Color Palette 


• 
On-Chip 
DRAM Controller 


• 
On-Chip 0/A Converters 


• 
Arbitration 
of Processor 
RAM Requests 


• 
NAPLPS and CEPT Compatible 


• 
Objects 
Allow Wlndowlng 
or Animation 


• 
Resolution 
Up to 640 x 512 Pixels 


• 
Up to 512K Bytes of Display Memory 


• 
Compatible 
with 8 and 16 Bit 


Processors/Micro 
Controllers 


• 
Twin Mode Operation 
for Higher 


Throughput 
. , 


• 
Powerful 
External 
Sync and Overlay 


Capabilities 


82716IVSDD 
is a low cost, highly integrated 
video controller. 
It displays graphics 
and textual information 
using 
a minimum 
of chips. 
It allows 
the management 
of up to 16 display 
objects 
on the screen 
at anyone 
time. 


These objects 
may be formatted 
as bit map or character 
arrays and can be used for wind owing or animation. 


An on-chip 
color 
palette 
allows 
the selection 
of up to 16 colors, 
from a range of 4096. The palette 
can be 
programmed 
to drive a set of on-chip 0/A converters. 
The VSDD also provides 
DRAM controller 
functions. 


XTALIN 


XTALOUT 


t.4Et.40RY 


INTERfACE 
UNIT 
t.4IU 


--------------l-------~ 


The 82716/VSDD is a low cost, highly integrated 
VLSI CRT c6ntroller offering advanced display capa- 
bilities for Videotex and color graphics displays. Its 
internal architecture allows it to be connected to any 
Intel compatible processor. The screen image is 
constructed from various user-specified objects re- 
siding in the VSDD memory (mapped into the proc- 
essor's address space). Pixels are taken directly 
from the memory for display on the screen. Charac- 
ters are constructed employing user-defined RAM- 
based character generators. The VSDD takes the 
object data from its memory, buffers it, and runs it 
through a color palette and D/ A converters to pro- 
duce a video signal. The VSDD also supports over- 
lapped objects and transparent pixels. 


In conjunction with appropriate software, the VSDD 
can be compatible with such video standards as 
NAPLPS, CEPT or custom configurations. Its multi- 
window features and resolution make the VSDD 
ideal for: 
• Home Information Systems, TV's, VCR's, Games 


and Home Computers 


• Alphanumeric Color/Monochrome Terminals 
• Real-Time Process Control Monitoring Equip- 


ment 
• Videotex Terminals of the Alphageometric, Al- 


phanumeric and Alphaphotographic Type 


• Automotive Displays 
• Medical Electronics 


Bus Interface 
Unit (BIU): BIU is the interface be- 


tween the CPU and the VSDD. CPU accesses the 
DRAM through the BIU. 


Memory Interface Unit (MIU): It is the interface be- 
tween the VSDD and the DRAM. MIU generates the 
control signals and the row and column addresses 
for DRAM. 


Timing Unit: It consists of oscillator and clock gen- 
erators. The Video and internal clocks are generated 
by timing unit. 


Sync Generator: The sync generator controls the 
horizontal and vertical timings for raster generation 
(HSYNC and VSYNC). 


Pixel Unit: The pixel unit contains pixel formatting 
unit as well as scan line buffers in which display in- 
formation is placed for each scan line. It also con- 
tains the color lookup table (color palette) and D/ A 
converters (DACs). DACs convert the digital color 
specifications to analog RGB signals for the monitor. 


Task SCheduler: This unit is the control circuit of the 
VSDD. It provides the control signals for internal log- 
ic. 


Address Computing 
Unit: It computes the DRAM 


addresses. 


ADDR/DATA 
R. G, B, SYNC 0 
SYSTEtoA 
82716 


cpu 
VSDD 
CRT 


8051 
CONTROL: 
WR, 
DATA 


8096 
SYSTEtoA 


8086 
RD. ALE. BHE 
AND 


80186 
DISPLAY 


80286 
ROY 
toAEtoAORY 
(DRAtoA) 


RAS, 
CAS, 
WE 
- 


231680-2 


Figure 2. Simple System Configuration 


The VSDD has 3 primary external interfaces: the 
CPU interface, the dynamic RAM display memory in- 
terface and the video pixel output. 


The video subsystem looks like a memory to the 
CPU. All communication with the video subsystem 
occurs via that memory. The CPU develops display 
objects in memory and the VSDD constructs the ac- 
tual video signal for the display from that memory. 
The CPU accesses the DRAM via the VSDD's BIU 
interface. The DRAM contains register segments 
and display information. CPU access of the dynamic 
RAM is controlled exclusively by the VSDD's DRAM 
controller. 


The VSDD supports the simultaneous display of in- 
formation from several sources. Each of these 
sources is an "object" and is assigned a display win- 
dow within the VSDD screen. The VSDD can display 
up to 16 different objects. The size of each object 
can vary from a few pixels to larger than the full 
screen. The VSDD forms a scan line by gathering 
object Information into one of the two internal line 
buffers. While one buffer is being updated with the 
next scan line, the other buffer is being read out to 
the color look-up table for display. 


An object is defined as a list of pixels or string of 
characters within the VSDD DRAM memory. Each 
object is described by an entry, in the Object De- 
scriptor Table (oDT) that contains positional infor- 
mation, color, size and various other attributes. The 
effective X-Y coordinates 
of an object 
can be 


changed at any time, without touching the object it- 
self, thus allowing independent object animation as 
shown in Figure 3. 


An object can be replaced by another object by 
changing the pointer in the oDT, allowing the possi- 
bility of many more objects in memory than on dis- 
play at anyone time. 


Microprocessor 
Interface 


The VSDD supports both 8 and 16 bit microproces- 
sors and microcontrollers from all Intel compatible 
families. It uses a multiplexed data/address bus. 


The VSDD accepts Read (RD), Write (WR), Address 
Latch Enable (ALE) and multiplexed Address and 
Data Bus (ADO-AD15) input signals as well as the 
Address 16 (A16) input. For 16 bit accesses the Byte 
High Enable (BHE) input is also used. This allows 
the VSDD to distinguish between 16 and 8 bit ac- 


~~ 
OBJECT ~ 
OBJECT 3 


......>'1......• 
/~, 


OBJECT 2 


OBJECT 5 
--------~ 


Figure 3. Building an Animation SCene 


5-3 


inter 


cesses. If the VSDD cannot service the processor 
request immediately, then it generates a ready sig- 
nal (ROY) to extend the processor cycle. The VSDD 
allows the processor to access up to 512 Kbytes of 
display DRAM via memory mapping. CPU accesses 
DRAM with a 16 bit address plus a chip-select input 
A16 (maximum of 64 Kbytes of address space). A16 
behaves like other address inputs. It should be ac- 
tive low. 


During a bus access of the VSDD the ROY line is 
brought low to insert wait states. It is then driven 
high to indicate completion -2!. the ~e. 
However 


after the CPU removes the RD and WR signal, the 
VSDD pulls the ROY line low again. It will remain low 
until the next address is latched into the 82716. If 
this address does not select the VSDD, the ROY line 
is driven high after the fall of ALE. If this address 
selects the VSDD, the ROY line remains low and 
begins the new data transfer cycle. 


Arbitration of display memory access is carried out 
internally by the VSDD. The processor normally has 
priority over the VSDD Display Logic. Accesses 
made by the CPU through the VSDD to the display 
memory can impact VSDD's scan line building pro- 
cess. 


When construction of a scan line is complete, the 
VSDD enters an idling state to wait till the previously 
constructed line is displayed. If display of the previ- 
ously constructed line ends before construction of 
the new line is complete, the remainder of the line 
building algorithm is aborted. The VSDD's Construc- 
tion Time Overflow (CTO) signal is activated to indi- 
cate this condition to the CPU. This can happen 
when there are more objects on the line than the 
VSDD has time to process or when CPU generated 
accesses to DRAM take up too much of the VSDD's 
time. To avoid this the VSDD can be programmed to 
allow only a certain (programmable) number of CPU 
accesses to the DRAM during line construction. The 
CTO signal is reset at the end of the Active Vertical 
Zone. 


After each frame the user is able to specify the num- 
ber of high priority accesses (n = 0 to 15) that the 
system processor may have during each line build- 
ing process. Thus, n accesses from the system 
processor will be serviced with minimum delay con- 
currently with line buffer building. The (1 + n)th ac- 
cess will be delayed via wait-states (ROY) until com- 
pletion of the line buffer. Whenever the VSDD isn't 
constructing a horizontal line, system processor ac- 
cesses will be serviced with minimum delay. 


For the MCS-51 family the interface is slightly differ- 
ent. This family has no ROY input and cannot be 
temporarily halted during a memory access. In this 
case the ROY output is programmed as a "Free Ac- 


cess" indicator. The 8051 can test this bit to see if 
the VSDD is using the memory and, if not, can gain 
access immediately. Because the 8051 has no ROY 
input, all read operations on the VSDD memory must 
be pipelined. In this mode a single read access to 
the DRAM requires two CPU read cycles. The first 
one is to address the desired DRAM location, but 
will not return data from that location. The second 
read cycle can be to any DRAM location, but will 
return the data that was addressed in the first cycle. 
Less overhead is required for a series of reads: The 
first read cycle returns random data, but after that 
each read cycle returns the data that was addressed 
in the previous cycle. In this configuration it should 
be noted that the BHE signal must be pulled high. 
The internal logic of the 82716 swaps data from the 
lower data pins onto the upper internal data lines 
during odd address accesses. 


The VSDD receives raw data from its display memo- 
ry and performs all necessary conversions and ma- 
nipulations to convert the display data to RGB sig- 
nals. Two line buffers are implemented in on-chip 
dynamic RAM to store data from two complete scan 
lines. While one scan line is being displayed, the oth- 
er buffer is being filled with the data for the next line. 


The line buffer has the capacity to hold, at the user's 
selection, up to 640 pixels at 4 bits/pixel or up to 
320 pixels at 8 bits/pixel. 


4 bits/pixel are chosen if the display requires more 
than 320 pixels/line. This is called the High Resolu- 
tion mode. This mode is selected by setting the HRS 
(High Resolution Screen) bit to 1. 


The on-chip color look-up table [CLUT] contains 16 
color entries defined by 12 bits (4-green, 4-red, 
4-blue) for a possible palette of 4096 colors. The 
RGB signals are generated by 3 internal DACs (Digi- 
tal-to-Analog Converter) whose inputs are the 12 
bits (4/color) from the color look-up table. The actu- 
al data for color palette is stored in VSDD DRAM. 
The color palette in external DRAM consists of 16 
entries. Each entry is 16 bits long with the lowest 4 
bits specifying the address of the entry in the CLUT 
and the upper 12 bits specifying the color as shown 
in Figure 4. Four bit pixel codes are used to address 
the CLUT. The pixel code is matched with the lowest 
4 bits of the CLUT entry and the pixel is given the 
color specified by the upper 12 bits. The color corre- 
sponding to the address 0010B is reserved for the 
background. At the end of every frame, VSDD ac- 
cesses this data to load the on-chip color look-up 
table. The loading possibility at every frame allows 
the user to make real time changes in the color pal- 
ette. 


inter 


In some applications it is necessary to overlay exter- 
nal video signals. To support this the VSDD has an 
Overlay output pin "OVA" which can be used as a 
fast switch signal to allow display of external video 
instead of the VSDD output. The OVA pin is con- 
trolled by the outputs of the color look-up table. 
Whenever the color being displayed is AGB= 111H 
(0001 0001 0001B), the DAC driving the OVA pin 
goes to 'white' level [OFH or 1111Bl. Any other col- 
or will cause the OVA pin to go to "black" level (OOH 
or OOOOB). 


In a system where VSDD generated video will over- 
lay video from an external video source, the "back- 
ground" palette location 0010B would typically be 
programmed with 111H. Then, whenever the back- 
ground color is displayed, user-supplied logic will 
switch in the external video source. 


The overlay function is not available when the on- 
chip D/ A converters are bypassed. 


A digital mode is also available. In this mode the 
AGB and "OVA" pins provide direct digital outputs 
from the pixel buffer bypassing the internal color ta- 
ble and DACs. Up to 256 colors can be obtained in 


this mode using 8 bits/pixel with external color table 
and DACs. In 8 bits/pixel mode the data is available 
in two 4-bit nibbles. Low nibble always precedes the 
high nibble. The VSDD provides CKIO signal to latch 
low and high nibbles using off-chip decoders. Digital 
mode is also available with 4 bits/pixel. 


The active high asynchronous Aeset input is inter- 
nally synchronized to both system clock and video 
clock. It must be held active for at least twenty (20) 
system clock AND video clock cycles. The reset ac- 
tive time should therefore be designed around the 
slowest of the two clocks. Care should be taken to 
keep noise off of the reset pin, since short duration 
spikes can start a "reset" sequence to begin, but 
not afford a proper length of time to complete. 


Memory Mapping 


The VSDD can support up to 512 Kbytes of DAAM. 
The DAAM is organized as 256K words of 16 bits by 
the VSDD for its own accesses. The VSDD allows 
CPU to access up to 512 Kbytes of DAAM via mem- 
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(b) Post-Initialization 
Memory Mapping 


Figure 6. VSDD Memory Mapping 


inter 


ory mapping. 
The DRAM is organized 
as 4 banks of 


64K x 16 words. Even byte-addresses 
are in the low- 


er half of a word and odd byte-addreses 
are in the 


upper half. 


After the RST input to the VSDD goes inactive, 
the 


VSDD issues a single set of refreshes 
to DRAM. No 


further 
refreshes 
will occur until register 
RO is initial- 


ized with DRAM configuration 
information. 
Once ini- 


tialized, 
DRAM 
will 
be 
refreshed 
in a continuous 


loop. 


The VSDD provides 
two logical windows 
to map por- 


tions of the processor 
address space into portions 
of 


the 
VSDD-DRAM 
address 
space. 
In the 
CPU 
ad- 
dress 
space, 
these 
windows 
are referred 
to as the 


Data 
Window 
and 
the 
Register 
Window. 
In 
the 


VSDD DRAM address 
space, they are referred 
to as 


the Data Segment 
and Register 
Segment. 
Thus the 


Data Window 
maps onto the Data Segment 
and the 


Register 
Window 
onto 
the 
Register 
Segment. 
The 


Windows 
are relocatable 
anywhere 
in the processor 


address 
space. 
While the Data Segment 
is relocat- 


able 
within 
the 
VSDD 
DRAM 
address 
space, 
the 


Register 
Segment 
(32 bytes long) is fixed at VSDD 


DRAM 
starting 
location 
OOOOOH.The 
length 
of the 


Data Window/Segment 
can be specified 
from 4K to 


64 Kbytes 
(Figure 6). 


The register segment 
is the first 16 words (32 bytes) 


of VSDD 
DRAM. 
These 
registers 
contain 
the basic 


information 
for screen 
constants, 
DRAM 
organiza- 


tion, 
timing 
and 
base 
addresses. 
These 
registers 


have 
hardware 
counterparts 
on the VSDD. 
At the 


end of each frame, VSDD reads register 
RO on to an 


internal 
register on the chip. If bit UCF (Update 
Con- 


trol Flag) in RO is set, the other registers 
will also be 


written 
on to the chip. These 
16 registers 
are orga- 


nized in DRAM as shown 
in Table 
1. 


VSDD 
Byte Loc 


R15 
Horiz. Constant 
3 
Vert. Constant 
3 
1EH 


R14 
Horiz. Constant 
2 
Vert. Constant 
2 
1CH 


R13 
Horiz. Constant 
1 
Vert. Constant 
1 
1AH 


R12 
Horiz. Constant 
0 
Vert. Constant 
0 
18H 


R11 
Access Table Base Address 
Counter (ATBAC) 
16H 


R10 
Char Base Address 
0 and 1 
14H 


R9 
. 


Color Table Base Address 
(CTBA) 
12H 


R8 
Access Table Base Address 
(ATBA) 
10H 


R7 
Object Descriptor 
Table Base Address 
(ODTBA) 
OEH 


R6 
Priority Access 
Quantity 
(PAQ) 
OCH 


R5 
Data Segment 
Base Address 
(DSBA) 
OAH 


R4 
Data Window/Segment 
Length Mask (DWSLM) 
08H 


R3 
Data Window 
Base Address 
(DWBA) 
06H 


R2 
Register Window 
Base Address 
(RWBA) 
04H 


R1 
Video Configuration 
Register 
1 (VCR 1) 
02H 


RO 
Video Configuration 
Register 0 (VCRO) 
OOH 


NOTE: 
Where zeroes are shown in register locations, 0 must be written to those bits in order to ensure proper operation and 
upward compatibility with any future versions of this device. 


inter 


RO: Video 
Configuration 
Register 
0 
15 
14 
13 
12 
11 
10 
9 
8 


Blt(s) 
Description 


UCF 
Update Control 
Flag- 


, 
If set (1), all the registers will be used to update the VSDD at 
the end of each frame. If not (0), only ATBA and VCRO will be 
updated. 


DEI 


- 


Digitally Encoded 
Color lnformation- 
k' 


If set (1), RGB and OVR outputs are digital. 
If not (0), RGB and OVR are analog. 


SAB 
Slow Access 
Bit- 
If set (1), then slow DRAM (page cycle time = 210 ns) can be 
used. If not (0), fast DRAM (page cycle time = 140 ns) can be 
used. 


DEN 
Display Enable Flag- 
If set (1), the VSDD display is enabled. 
If not (0), the VSDD display is disabled. 


HRS 
High Resolution 
Screen- 


If set (1), the maximum 
horizontal 
resolution 
is 640 pixels. 


If not (0), the resolution 
is 320 pixels. 


Blink 
Blink rate of selected 
objects 
is set from 8 frames to 256 


Rate 
frames in multiples 
of 8 frames. 
For 50 Hz/60 
Hz, this 
translates 
into blink rate increments 
of 160 ms/133 
ms starting 


from 6.2 Hz/7.5 
Hz (code 00000) down to 0.20 Hz/0.23 
Hz 


(code 11111). 


Duty 
The duty cycle of the blink rate can be selected 
as below: 


Cycle 
111 
Always On 
110 
12.5% Off 
87.5% 
On 
101 
25.0% Off 
75.0% On 
100 
37.5% 
Off 
62.5% On 
011 
50.0% Off 
50.0% On 


. 
010 
62.5% Off 
37.5% On 
001 
75.0% Off 
25.0% On 
000 
87.5% Off 
12.5% On 


DS1 and DSOindicate the array size (16K, 64K or 256K) of the DRAM used to implement the display memory. 
DOF (DRAM organization flag) is used to indicate if the DRAM is bit-wide (DOF = 0) or nibble-wide (DOF = 
1). See Table 2. 


DS1 
DSO 
DOF 
Dram Configuration 
Maximum 
ADDR Pins Used 


Capacity 
Row 
Col 
Bank5elect 


0 
0 
0 
- 
16K x 1 
32 Kbytes 
0-6 
0-6 
(None) 


0 
0 
1 
16Kx4 
128 Kbytes 
0-7 
0-5 
6,7 at CAS 


0 
1 
0 
64Kx 1 
128 Kbytes 
0-7 
0-7 
(None) 


0 
1 
1 
64Kx4 
512 Kbytes 
0-7 
0-7 
8atRAS, CAS 


1 
0 
0 
256Kx 1 
512 Kbytes 
0-8 
0-8 
(None) 


NOTE: 
For 16K x 4, 2 bank select 
bits are emitted 
on address 
pin 6 and 7 when CAS goes low. By using external 
2-to-4 
decoders 
up to 4 banks 
can be selected. 
For 64K x 4, two 
bank 
select 
bits come 
out on address 
pin 8: one with the 
row address 
(MSB) 
and one with the column 
address 
(LSB). 


Bit 


1 
Description 
, 


PRE 
Pipeline Read Enable-If 
set (1), enables the pipeline read 


mode: CPU read cycles always return data from the previous 


, 
read cycle. If not (0), then accesses 
are not pipelined. 


PSA 
Pre Scaler Active- 
This bit defines the relationship 
between 


- 
the video clock frequency 
and the sync generator 
clock 


frequency. 
(Figure 7). GCLK is used for programming 


horizontal 
timings. 
If the video clock exceeds 
16 MHz, the PSA 


bit should be set (1). 


RE 
This flag, when set (1), enables the CPU to read data from the 
display memory through 82716. If not (0), the output buffers of 
the VSDD are disabled, 
thus preventing 
CPU from reading the 


DRAM. 


FAE 
Free Access 
Enable-Enables 
the ROY pin to act as a free 


access indicator 
to the processor, 
if set (1). 


PCE 
Priority Counter Enable-If 
set (1), enables the VSDD to limit 


the number of CPU access to DRAM. Only valid with 
processors 
that have wait states. 


EVC 
External Video Clock-If 
set (1), it enables the CKIO pin to be 


used as input for a video clock up to 25 MHz. If not set, CKIO is 
a buffered 
clock output. (Figure 6) 


TMS 
Twin Mode Slave-Used 
for twin mode. If set (1), it specifies 


the VSDD as a slave, displaying 
only the even lines. 


TMM 
Twin Mode Master-In 
twin mode if set (1), it specifies 
the 


VSDD as a master, displaying 
only the odd lines and supplying 


sync to slave. The combination 
TMM = 0, TMS = 0 means 


twin mode operation 
is not in use. TMM = 1, TMS = 1 is 
illegal. 


SM 
Sync Mode-If 
set (1), enables the HSYNC pin to operate 
in 


composite 
sync mode. Otherwise 
HSYNC outputs 
horizontal 


sync. 


MAS 
Master-If 
set low, the VSDD accepts 
external 
synchronization 


signals and locks to it via an on-chip 
PLL circuit. • 


INL 
Interlace-If 
set (1), selects 
interlaced 
mode. If not (0), selects 


non-interlaced 
video. 


Char 
These 4 bits encode 
the number of scan lines per character. 


Height 
The number is encoded 
as a simple unsigned 
binary integer, 


except that 0000 means 16. 


XTALIN 


~ EVe=s 


PSG-Programmable Sync Generator 
HRS-High 
Resolution Screen 
EVC-Extemal 
Video Clock 
PSA-Prescaler Active 


Figure 7. PSG Clock Generator 


R2: Register 
Window 
Base Address 
(RWBA) 


Register Window 
Base Address: 
R16-R5 


TF2,TF1 
(Test Flags): If DEI = 1, then these flags determine 
what type of digital output is emitted. 
The output 
options 
are summarized 
in the table below: 


DEI 
TF2 
TF1 
Outputs 
Signals 


0 
X 
X 
Analog 
RGBO 


1 
0 
0 
Digital 
Reds Only' 


1 
0 
1 
Digital 
Greens Only' 


1 
1 
0 
Digital 
Blues Only' 


1 
1 
1 
Digital 
Pixel Code 


NOTE: 
'These three combinations can be used to test the on-chip color look-up table. The chosen combination selects one of the 
color components to be output via the DV3-DVO outputs. The DEI bit has to be set to 1 to switch off the DACs. 


R16-R5 
specify 
the Register 
Window 
base address. 
This is the window 
(mapped 
into the CPU's 
address 
space) through 
which the CPU accesses 
the Register 
Segment 
of the DRAM. This register may be placed on 
32 byte boundaries. 


SB9-SB3 
Screen 
Boundary 
bits specify 
the upper 7 bits of the 1a-bit x coordinate 
of the right edge of the 
screen. 
VSDD would process 
pixels up to x = to this number with lower 3 bits taken to be 1s. No pixels will be 
processed 
which 
are to the right of the screen 
boundary. 


W16-W12 
bits specify the Data Window 
Base Address. 
This is the window 
through 
which the CPU accesses 
the Data Segment 
of the DRAM. 


L16-L 12 bits are the Data Window 
Length 
Mask, which 
specify 
the length of the Data Window 
in bytes, as 
follows: 


L16 
L15 
L14 
L13 
L12 
Data Window 
Length 


1 
1 
1 
1 
1 
4 Kbytes 


1 
1 
1 
1 
a 
8 Kbytes 


1 
1 
- 1 
a 
a 
16 Kbytes 


1 
1 
a 
a 
a 
32 Kbytes 


1 
a 
a 
a 
a 
64 Kbytes 


R5: Data Segment 
Base Address 
(DSBA) 


Data Segment 
S16-S12 


BS1 BSO divide 
the 512 Kbyte-address 
space 
into four banks 
of 128 Kbyte 
each. 
Note 
however 
that 
only 
bitmapped 
object 
data can reside in banks 
1 through 
3. All other display data such as character 
generators, 
register 
segment, 
access 
table etc. must be written 
to bank a. 


S16-S12 
bits specify 
the Data Segment 
base address 
in the VSDD's 
address 
space. 
The display 
data is 
stored in the data segment. 
The data must be placed on the boundaries 
corresponding 
to the size specified 
in 
the data window 
length 
mask (see DWSLM). 


R6: Priority 
Access 
Quantity 
(PAQ) 


PAQ 4 bits indicate 
the maximum 
number 
of CPU accesses 
to the DRAM that are allowed 
during building 
of 
each scan line, if PCE bit (in R1) is 1. 


R7: Object 
Descriptor 
Table 
Base Address 
(ODTBA) 


Object Descriptor 
Table Base: A 15-A6 


This register 
contains 
the word base address 
of the object descriptor 
table in the VSDD's 
address 
space. It is 
accessed 
by the VSDD at the end of each frame. This table must reside in bank a. 


R8: Access 
Table 
Base Address 
(ATBA) 


I 


Access 
Table Base Address: 
B15-BO 
I 
I 
I 
I 
I 


inter 


B15-BO 
bits specify the Access 
Table base address. 
This table resides 
in the bank 0 of the VSOO's address 
space. 
This 
is a word-address. 
In a 256K 
word-address 
space, 
which 
requires 
18-bit 
addresses, 
the two 
highest 
bits, corresponding 
to B16 and B17, are O. It is accessed 
by the VSOO on each frame. 


R9: Color Table 
Base Address 
(CTBA) 


I 


015-00 bits specify the Color Table base address. 
Color table is located 
in bank 0 in VSOO memory. This is a 
word-address. 
In a word-address 
space, which requires 
18-bit addresses, 
the two highest 
bits, corresponding 
to 016 and 017, are O. It is accessed 
by the VSOO on each frame. 


R10: Character 
Generator 
Base Address 
(CGBA) 


CharGenO 


I 
I 
I 


CharGen 
1 
I 
I 
I 


Char Gen 0, Char Gen 1 bits specify bits 15 through 
12 of the base address of the two character 
generators. 


Bits 
16 and 
17 are 0 implying 
that 
both the character 
generators 
must 
be in bank 
O. Refer 
to Character 
Generator 
section 
on how to access 
the generators. 


R11: Access 
Table 
Address 
Counter 
(ATBAC) 


I 


C15-CO 
bits point to the next Access Table entry to be used. It's maintained 
by the VSOO. The CPU can read 
this value but should 
not write to it. C16 and C17 are 0 as access 
table must be in bank O. It is incremented 
after each scan line. 


R15 


R14 


HC3 


HC2 


VC3 


VC2 


VC1 


VCO 


These 
registers 
hold data 
for screen 
timings. 
Four constants 
are defined 
for both 
horizontal 
and vertical 
timings 
as follows: 


SCreen Constant 


HCO 
HC1 
HC2 
HC3 
vea 
VC1 
VC2 
VC3 


What It Programs 


Width of HSYNC 
AHZ Start Time 
AHZ Stop Time 
Horizontal 
Sweep Time 


Width of VSYNC 
AVZ Start Time 
AVZ Stop Time 
Vertical Sweep Time 


The horizontal 
screen 
constants 
are programmed 
in units of GCLK periods, 
offset 
by 1 (see Figure 7). If the 
programmed 
constant 
is 5, the actual time is 6 GCLK periods. 


The vertical 
screen 
constants 
VCO through 
VC3 are programmed 
in units of horizontal 
lines offset 
by 1. If the 
programmed 
constant 
is 5, the actual time is 6 horizontal 
lines. 
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Figure 8. Programmable 
Raster Parameters 
An object is activated by putting a zero in the word 
corresponding to the scan line on which the object is 
first displayed. This turns on the object for all follow- 
ing scan lines. The object is toggled off by putting a 
zero in the scan line following the last line of the 
object. 


The Access Table contains the vertical positioning 
information for each object. The Table begins at the 
location designated by the Access Table Base Ad- 
dress register, R8 in the Register Bank. The Table 
contains one word in DRAM for each scan line in the 
Active Vertical Zone of the display. 


The first line (at the top of the display) is associated 
with the word at the Table's base address. Within 
each word, bit number I is the Access Flag associat- 
ed with object number I in the display and has the 
priority J. Object number 4 has a lower priority than 
object number 5 (see Figure 9). 


bO is the access flag for object 0, b1 for object 1, 
etc. 


The Access Flags indicate to the VSDD which ob- 
jects are to be present on which lines of the display. 
If an Access Flag is set (1), then there is to be no 
change in the object's display status; that is, if the 
object did not appear on the previous line, it will also 
not appear on this line. If the object's Access Flag is 
clear (0), the object's display status is reversed from 
what it was in the previous line. All objects are dis- 
abled at the end of the Active Vertical Zone. 


At the beginning of each frame, the VSDD writes the 
contents of Access Table base address, R8, into Ac- 
cess Table Counter, R11. At the end of each line 
this counter is read into the Access Table Entry Ad- 
dress Register (on the VSDD). This entry address is 
then used to read the access flags for the line that is 
to be constructed. Access Table Entry Address is 
then incremented and written back into R11 prepar- 
ing it for the next line. 


Then the Access Flag Register is examined bit by bit 
to determine if there is a change in any object's dis- 
play status. If object number I is to be displayed, 
then its Object Descriptor field is read. The base ad- 
dress for the Object Descriptor field for object num- 
ber I is constructed from the Object Descriptor Table 
Base Address register, R7, by concatenating bits 
A15 through A6 from R7 with 4 bits representing the 
number I (i = 0 to 15). 


inter 


Then the Object 
Descriptor 
field base Address 
is: 
o 
0 
A15 
A14 
A13 
A12 
A11 
A10 
A9 
A8 
A7 
A6 
i3 


I 
I 
I 
I 
I 
I 
I 


An Object 
Descriptor 
field is 4 words 
long, and all 4 


words 
are read, 
so the 
last two 
bits in the above 


address 
are incremented 
to get all 4 words. Access 


Table 
and 
Object 
Descriptor 
Table 
must 
reside 
in 


bank O. 


Different 
Access 
Tables 
may be defined 
at the same 


time but only one is activated 
during anyone 
frame. 


The Access 
Table 
allows 
easy vertical 
scrolling 
of 


an object. 
If the object scrolls down, truncating 
takes 


place by simply 
moving the window 
down and trun- 
cating the object when it moves off the screen. 
Mov- 


ing up the screen 
is similar except 
when the object 


moves 
past the top of the screen, 
the object 
base 


address 
must be incremented 
to point to the start of 


the next displayed 
line. 


The 
Object 
Descriptor 
Table 
(ODT) 
contains 
a 4- 


word 
Object 
Descriptor 
field for each 
object 
in the 


display. This field describes 
the base address, 
attri- 
butes, 
and X-position 
of each object. 
This informa- 


tion is initialized 
as well as updated 
by the system 


processor. 
The 16 available 
object 
descriptors 
(128 


bytes) are located 
contiguously 
in the ODT, starting 


at the location 
specified 
by the ODTBA 
register. The 


ODT is located 
in the VSDD DRAM. 


There are two types of objects: 
bitmapped 
and char- 


acter. Their descriptor 
fields are as shown 
below. 


Bitmap 
Descriptor 
Field: 


HI 


Bltmap 
Descriptor 
Field: 


N: Current 
Object 
Entry 
Address 
is the address 
of 


the pixel data for the next scan line for the object. At 
the beginning 
of each frame, 
the VSDD copies 
Ob- 


ject Base Address 
into this field. This is maintained 


by the VSDD and should 
not be altered 
by the CPU. 


0: Object 
Base Address 
points to the beginning 
of 


the object's 
data base. This is a 18 bit address. 
Only 


low 
16 bits are specified 
here. 
017 
and 
016 
are 


specified 
elsewhere 
in the descriptor 
field. 


W: Object 
Width 
indicates 
how wide the object is in 
"64 
bit words". 
The width 
of the object 
must be a 


multiple 
of four 
16-bit 
words. 
000001 
specifies 
a 


width of 1 "64 bit word", 
111111 
a width of 63 "64 


bit words". 


X: XO coordinate 
is a 10-bit signed number (2's com- 


plement) 
encoding 
the horizontal 
position 
of the left- 


most pixel in the object. 
XO can be - 512 to + 511. 


C/B: 
Character/Bltmap 
Object 
Specifier. 
C/B 
= 


1 indicates 
a character 
object. C/B 
= 0 indicates 
a 


bitmap object. 


N: Current Object Entry Address 
N15.- NO 


0: Object Base Address 
015-00 


R1, RO:Resolution: For a bitmap object, these 2 bits 
specify how many bits each pixel takes up in VSDD 
DRAM, as shown in the table below. HRS is a bit in 
RO. 


HRS 
R1 
RO 
Bits/Pixel 


0 
0 
0 
Do Not Use 


0 
0 
1 
2 


0 
1 
0 
4 


0 
1 
1 
8 


1 
0 
0 
Do Not Use 


1 
0 
1 
Do Not Use 


1 
1 
0 
2 


1 
1 
1 
4 


017, 016: Two highest bits of the object base ad- 
dress. 


OBL: Object Blinker = 1 causes the object to blink 
between foreground and background color. The 
blink rate and duty cycle are specified in RO in the 
Register Segment. 


BLA: Blanker = 1 turns the object off i.e. the object 
is not displayed. 


TOE: Transparency 
Detect Enable. If TDE = 1, 
then pixels that are encoded as all O's are not writ- 
ten into the Line Buffers. The buffers will retain the 
previous pixel data. Thus a low priority object will be 
visible through the transparent pixels of a higher pri- 
ority object. When TDE = 0, then pixels that are 
encoded as all O's are written into the line buffer. 
"OOOOB"is then one of 16 color codes. 


C1 co: Default Color Specification. For bitmapped 
objects that are stored in external VSDD memory in 
the 2 bits/pixel mode, these two bits extend the pix- 
el specification to 4 bits. 


Character Descriptor Field: 


HI 
Z: Slice No. 


z: Slice Number contains a character object's slice 
number for the next scan line. It is reloaded by the 
VSDD once per frame with the slice number (YS3- 
YSO). 


N: For character object. it's the beginning address of 
the current line of text. The entry address is formed 
of 015-012 
and N11-NO. Hence, a character ob- 


ject may not extend across a 4K word boundary. 
Two highest bits--017, 
016-are 
zero for character 


objects. Between each frame, lowest 12 bits of ob- 
ject base address are written into N. 


Y: Start Slice Number is the first (topmost) charac- 
ter slice of this object. The CPU can modify this field 
to produce a scrolling effect in the display of the 
text. Y = 0 is the bottom of the character and Y = 
Character height (defined in R1) is the top. 


R1 RO: Resolution: For character objects, R1 and 
RO specify the width of the character, as shown in 
the table below. 


Character Objects (C/B = 1) 


HRS 
R1 
RO 
PIxels/Char 


0 
0 
0 
6 


0 
0 
1 
8 


0 
1 
0 
12 


0 
1 
1 
16 


1 
0 
0 
16 


1 
0 
1 
6 


1 
1 
0 
8 


1 
1 
1 
12 


N: Current Object Entry Address N11-NO 


0: Object Base Address 015-00 


W: Object Width 


Y: Slice No. 


FAD: Full Attribute Definition = 1 means character 
descriptions are 3 bytes long. Each character is en- 
coded as an ASCII byte plus a 2-byte attribute word. 
FAD = 0 means character descriptions are 1 byte 
long. 


CRS: 
Conceal/Reveal/Select. 
If FAD = 
1, then 
CRS = 1 enables the MSK bit in the character's 
attribute word to cause the character to be con- 
cealed. If FAD = 0, then CRS selects one of two 
character generators. CRS = 0 selects CGBAOas 
specified in the register segment. CRS = 1 selects 
CGBA1. 


PSE: Proportional Spacing = 1 enables proportional 
spacing of characters. 


HCR: High Color Resolution. If FAD = 1, then HCR 
= 1 means use 16·color palette for characters and 
their backgrounds. If FAD = 
1, then HCR = 
0 


means use 8-color palette (see Attribute definition). 
If FAD = 0, then HCR should be O. 


C1 CO: For character objects that are stored in ex- 
ternal memory in the 1 byte/character mode, these 
two bits become the MSBs of the foreground/back- 
ground colors of the characters as shown below. 


Foreground color = C1 CO0 1 
Background color = C1 CO0 0 


Objects are rectangular windows on the screen. Ob· 
ject data begins at the Object Base Address speci- 
fied in the "a" field of the Descriptor table. The 
length of the data file depends on the object's 
height, width and resolution. The width of the object 


is specified in 4-word units by the 'W' field in the 
Object Descriptor. For example, if the 'W' field con· 
tains 001010 then the object is ten 4-word units 
wide. 


The VSDD will read in 10 x 4 = 40 words of object 
data for each scan line in which the object appears. 
For bit-mapped objects, the beginning address of 
each block of 40 words is constructed from the 'N' 
field in the Object Descriptor. The 'N' field is updat· 
ed for the next scan line after each block of data is 
read. 


For character objects, 'N' field is used to construct 
the beginning address of a line of ASCII text. The 
object itself may consist of many lines of text. Each 
line of text consists of individual scan Iines--each 
scan line presenting one "slice" of the text charac- 
ter. When the final slice of a line of text has been 
constructed the 'N' field is updated to the next line 
of text. 


The Table 3 shows minimum and maximum width of 
character and bit·mapped objects. 


Table 3 


ObJect Type 
Min. WIdth 
Max. WIdth 


Bitmap 
2 Bit/Pixel 
32 Pixels 
2016 Pixels 


Bitmap 
4 Bit/Pixel 
16 Pixels 
1008 Pixels 


Bitmap 
8 Bit/Pixel 
8 Pixels 
504 Pixels 


Character 1 Byte/Char 
8 Chars 
504 Chars 


Character 3 Byte/Char 
1 Char(2) 
168 Chars(1) 


NOTES: 
1. The last 16 bit-word of the object will not be used. 
2. The minimum memory required is actually 4 x 16-bit 
words. The second character can be eliminated by setting 
its transparent attribute bit. 
3. For 3 bytes/character 
objects, full memory utilization 


can be obtained if the width of the object is a mUltipleof 12 
words. 


intJ 


For character 
objects, 
two formats 
are defined. 
The first is a 1 byte/character 
mode. 
In this mode 2 ASCII 
character 
codes are stored in each ORAM word. The second 
format 
uses 3 bytes/character. 
They are formed 
as follows: 


2nd Character 


A7:A6:A5:A4:A3:A2:A 
1:AO 


1st Character 


A7:A6:A5:A4:A3:A2:A 
1:AO 


2nd Character 
Attribute 
Field 


1st Character 
Attribute 
Field 


A7:A6:A5:A4:A3:A2:A 
1:AO 
I 
A7:A6:A5:A4:A3:A2:A 
1:AO 


2nd Character 
I 
1st Character 


WHERE: 


-A7-AO 


- BC2-BCO 


- BC3 (U/L) 


- FC2-FCO 


- FC3 (OH) 


-UNO 


- BLI 
-INV 


-MSK 


-OW 


-TBG 


-TFG 
-CG 


8 bit ASCII code or any other 8 bit character 
code. 


Background 
color. 


When HCR = 0, it specifies 
the upper or lower half of the character 
in double 
height mode. 
When set (1), it specifies 
the upper half. If not (0), lower half is specified. 
When HCR = 1, it is 
used as the MSB of the background 
color. 


Foreground 
color. 


When HCR = 0, it specifies 
the character 
to be double its normal height when set (1). When 
HCA = 1, it is the MSB of the foreground 
color. When 
HCR = 0, and OH = 0, then U/L 
must be set to O. 


If set (1), the character 
is underlined. 


Enables 
the character 
to alternate 
between 
foreground 
and background 
color when set (1). 


If set (1), the foreground 
and background 
colors 
are reversed. 


If set (1), the character 
disappears 
(rom the screen 
(when CAS = 1) i.e. foreground 
color is 
same as background 
color. When CRS = 0, MSK attribute 
is ignored. 


If set (1), the character 
is expanded 
to double 
width. 


Sets background 
transparent, 
when TBG = 1. 


Sets background 
transparent, 
when TFG = 1. 


Selects 
one of two character 
generators. 


Character 
Generators 


The VSOO allows the simultaneous 
use of two independent 
character 
generators 
of 256 characters 
each. Bits 
15-12 
of their base addresses 
are specified 
in R10 in the Register 
Segment. 
Each character 
generator 
must 
begin on a 4K word-address 
boundary 
in memory 
bank o. 


CHAR GEN 


~ 


A character set consists of H blocks of 256 words, 
where H is the character height in scan lines. Each 
character is divided into H slices with slice zero de- 
fined as the bottom of the character and slice H-1 is 
the top scan line of the character. Character height, 
globally defined for the whole frame in register R1 
can be up to 16. 


Each slice occupies one word in DRAM. Within the 
word, the slice is encoded as a sequence of pixel 
bits, the leftmost pixel being the LSB in the word. If a 
pixel bit is 1, then the pixel is to be given foreground 
color. If a pixel bit is 0, the pixel is given background 
color. 


If the characters are encoded in plain ASCII (FAD = 
0), then the character generator is selected by the 
CRS bit in the Object Descriptor. If the characters 
are encoded with full attributes (FAD = 0), then the 
character generator is selected by attribute bit CG. 


As the characters are defined in DRAM, a new ver- 
sion of the character generator can be obtained by 
either: 
- 
modifying the character generator directly or 


- 
updating one set while the other set is being dis- 
played. The set can then be changed by updating 
the CGBA pointer in the register segment. This 
method results in an instantaneous change on 
the screen. 


PICTURE 
CONSTRUCTION 


VSDD supports, 2, 4 or 8 bits pixels. Up to 640 x 512 
pixels can be supported using 2 or 4 bits/pixel. In 


1z: SLICE 
NO. 


the 8 bits/pixel mode, a picture size of 320 x 512 
can be supported. In this mode only the lower 4 bits 
of the byte are used by the color look-up table, the 
upper four are ignored. In digital mode, using 8 bits/ 
pixel 256 colors can be obtained with external color 
palette and DACs. 


The VSDD starts picture construction at the begin- 
ning of the frame using the logic flow shown in Fig- 
ure 11. 


At the beginning of each frame, the contents of Ac- 
cess Table Base Address, R8 is copied into R11, 
Access Table Counter. Simultaneously, the VSDD 
also loads the color look-up table from the DRAM 
into the on-chip color look-up table. This feature en- 
ables the user to select a different set of 16 colors at 
every frame. 


After each scan line, R11 is loaded into an on-chip 
register, Access Table Entry Address Register by 
the VSDD. The on-chip register (Access Table Entry 
Address) points to an access table entry for the line 
that is to be constructed. The VSDD reads this entry 
into an on-chip register called the Access Flag regis- 
ter. (R11 is then incremented by 1 to point to the 
access table entry for the next scan line.) (Simulta- 
neous to this operation, the VSDD fills the line buffer 
with the specified background color.) Each access 
table word contains 16 flag bits--one for each ob- 
ject. Access flags determine which objects are pres- 
ent on the line. Object priorities are fixed with object 
15 being the highest and object 0 being the lowest. 


inter 


NO: rETCH 
NEXT 
OBJECT 


If an object is present, then its object descriptor data 
is read from the VSDD DRAM. This determines the 
object's width, horizontal position, type and where to 
find the display data for this line 'of the object. For 
bit-mapped objects the display data passes directly 
from the VSDD DRAM into the line buffer. 


For character objects, the data passes via a charac- 
ter generator into the line buffer. The appropriate 
slice of character pixel information is written in the 
appropriate horizontal position in the line buffer. 
80th character and bit-mapped data overwrites the 
background pixels that were previously written into 
the buffer. 


This procedure is repeated for each object that is 
present on the line. For overlapped objects, the high 
priority data overwrites the low priority data. Low pri- 
ority object will be hidden behind the high priority 


object. The priority of objects are determined by the 
order in which they are written into the line buffer. 
For example, the object number 5 has higher priority 
than the object number 4. Object number 1 is de- 
scribed in the first Object Descriptor Table entry, ob- 
ject number 2 in the second entry, etc. Transparent 
Pixels (00008, when TOE bit is set) are not written 
into the line buffer. Previous pixel data is retained at 
the location where transparent pixels are present. 
Thus a lower priority object can still be visible behind 
the transparent parts of a higher priority object. 


The construction process may result in more pixels 
being read from the DRAM than are actually dis- 
played on the line. Since only a finite time exists for 
line construction, it is important that the number of 
objects and the amount of overlap between the ob- 
jects be considered when examining display per- 
formance. 


inter 


When construction of each line is complete the 
VSDD enters an idling state to wait till the previously 
constructed line finishes being displayed. If display 
of the previously constructed line ends before con- 
struction of the new line is complete, the remainder 
of the line construction algorithm is aborted, and the 
VSDD's Construction Time Overflow signal is acti- 
vated to indicate this condition to the CPU. 


Construction time overflow can result when there 
are more objects on the line than the VSDD has time 
to process or when CPU-generated accesses to 
DRAM takes up too much of the VSDD's time. 


Figure 12 shows the VSDD and DRAM operation 
during line bUildingprocess. 


REPEATED FOR EVERY FRAME 


REPEATED FOR EVERY SCAN LINE 


REPEATED FOR EVERY OBJECT~16 


DMA OBJECT DATA TO LINE BUFFER 


REGISTER 
. ACCESS 
OBJECT DESCRIPTOR 
qBJECT 


SEGMENT 
TABLE 
UP TO 
TABLE 
16 x 
DATA 


16x 
16 
512x 
16 
(4x 
16) 
OBJECT 1 


OBJECT 2 


BIT MAPPED DATA 


2 x 256 
CHARACTERS 


( 
CHARACTER 
\.. 
GENERATOR 


ACCESS 
TABLE 
ADDR 


OBJECT 
TABLE 
BASE ADDR 


OBJECT 
DMA 
ADDRESS 


CHARACTER 
PROCESSING 
UNIT 
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Movement 
of objects 
is accomplished 
easily in the x 


direction 
by changing 
the value in the objeot descrip- 


tor. Movement 
in the y direction 
is accomplished 
by 


moving the bits which turn the object on and off with- 
in the access 
table. 
If the "off" 
bit falls below 
the 


bottom 
of the access 
table, the object will automati- 


cally be truncated 
at the bottom 
of the screen. 
Mov- 


ing in an upwards 
direction 
requires 
that the object 


base address 
in the desciptor 
table 
be changed 
to 


truncate 
the top of the object. 


For higher performance, 
it is possible 
to connect 
two 


VSDD 
chips 
in parallel. 
One of them 
is designated 


as the master 
and the other as the slave. The mas- 
ter generates 
information 
for the even 
lines of the 


display together 
with all the system timing. The slave 


accepts 
the 
synchronization 
pulses 
as inputs 
and 


displays 
the.odd 
lines of the picture. 
Because 
each 


VSDD is essentially 
const~ucting 
half the picture, the 


scan 
line construction 
time is twice 
as great, 
allow- 


ing higher 
throughput 
in terms 
of information 
pro- 


cessed 
and objects 
displayed. 


PERFORMANCE 


The number 
of objects 
that a VSDD can support 
on 


a scan line is dependent 
upon the screen 
resolution, 


refresh 
rate, DRAM type, and resolution 
per object. 


In addition, 
the percent 
overlap 
of each object 
can 


affect the performance. 
Usually the amount 
of over- 


lap can be kept to a minimum 
by keeping 
the object 


window 
only as large as necessary. 


The 
VSDD 
has been 
designed 
for these 
types 
of 


application. 
It can 
support 
several 
Videotex 
stan- 


dards 
from 
Europe, 
North 
America 
and Japan. 
Al- 


though 
it has been 
optimized 
for alpha-geometric 


applications 
such 
as NAPLPS, 
GKS, and VOl, it is 


capable 
of 
supporting 
the 
existing 
alpha-mosaic 


standards 
and 
the 
higher 
resolution 
alpha-photo- 


graphic 
standards. 
It supports 
most of the European 


CEPT standard 
that 
includes 
PRESTEL 
and TELE- 


TEL by using static 
character 
objects. 
In addition 
it 


offers 
bit-map 
objects 
and movement. 
Alpha-photo- 


graphic 
standards 
such 
as Picture 
PRESTEL 
and 


Picture 
TELETEL 
can 
be supported 
in 8 bit pixel 


mode with the addition 
of external 
color translation 


and higher resolution 
hardware. 


Symbol 
Pin 
Type 
Function 


ADO-AD7 
1-8 
I/O 
Processor 
system bus multiplexed 
address/data. 
AD8-AD15 
10-17 


A16 
18 
I 
Programmable 
chip select. 


BHE 


~ 


19 
I 
Byte high enable. 


ALE 
20 
I 
Address 
latch enable. 
RD 
o~ 
21 
I 
Read strobe from processor. 
WR 
22 
I 
Write strobe from processor. 
RESET 
29 
I 
Places the VSDD in initialization 
mode. 
ROY 
30 
0 
Ready-wait 
state for 86/88/96 
and free access 


indicator 
for MCS-51. 
R/DV3,G/DV2 
23,24 
0 
Red, green, and blue analog outputs or 
B/DV1 
25 
3 bits of digital output. 


OVR/DVO 
28 
0 
Output signal or fourth digital output. 


VREF 
27 
I 
Analog voltage 
reference. 
HSYNC 
32 
I/O 
As an output it supplied 
horizontal 
or composite 


sync. As an input it synchronizes 
the VSDD with an 


external video signal. 


VSYNC 
33 
I/O 
As an output it provides 
vertical 
sync. As an input it 


synchronizes 
the VSDD to external video. 


DLO-DL7 
34-41 
I/O 
Data input! output to DRAM low order byte. 
DHO-DH7 
42-50 
I/O 
Data input/output 
to DRAM high order byte. 


ADDRO-ADDR8 
59-51 
0 
DRAM row and column addresses. 
RAS 
62 
0 
Row address strobe. 


CTO 
65 
0 
Construction 
time overflow. 


CASL 
63 
0 
Column address 
strobe low. 


CASH 
64 
0 
Column address strobe high. 


inter 


Symbol 
Pin 
Type 
Function 
: 


WE 
61 
0 
Write enable. 
XTALIN 
66 
I 
Oscillator 
input or crystal terminal. 


XTALOUT 
67 
0 
Oscillator 
output or crystal terminal. 


CKIO 
68 
I/O 
As output it serves as a buffered 
dot clock. As an 
input it is used to receive external 
dot clock. 


PLLCTL 
31 
0 
PLL control 
used to fine tune oscillator 
Vcc 
26,60 
5 volt main supply. 
Vss 
9,43 
Digital ground. 


PACKAGING 


Pinout for a 68-pin Pin Grid Array Package 
is shown 
below. 


A16 
ALE 
WR/ 
G/DV2 
VCCI 
OVR/DVO 
ROY 
HSYNC 
DLO 


GV GV Gi) G) Gi) G) G) GJ GV 


RD/ 
R/DV3 
B/DVI 
VREf 
RST 
PLLCTL 
VSYNC 
DL2 


AD15 G) G) G) GY GY G) GJ G) GV G) GV 
DU 


AD13 G) Gi)AD14 
DL4G) 
~ 
DL3 
16 


ADll Q 0 
AD12 
DL6 <:;;) GV 
DL5 


AD9 GJ Gi) AD10 
DHOQ 
GJ 
DL7 


VSS1 (i) Gi)AD8 


VSDD 
DH1~ 
G) 
VSS2 
82716 


AD6 G) (1) AD7 
DH3 (A) G) 
DH2 


AD4 G) G) AD5 
PINOUT DIAGRAlo4 
DH5 (i) Gi) 
DH4 


9/26/85 
REV 1/0 
BOTTOlo4VIEW 


AD2 G) G)AD3 
DH7Q 
GJ 
DH6 


ADO G) G) GJ GV GY G1) G) Gz) GV 0 GJ 
ADDR8 


ADI 
XTALOUT 
CTO 
CASL/ 
WE/ 
ADDRO 
ADDR2 
ADDR4 
ADDR6 


Gi) 
Gi) GJ GJ GV GV GV G) Gi) 


CKIO 
XTALIN 
CASH/ 
RAS/ 
VCC2 
ADDRI 
ADDR3 
ADDR5 
ADDR7 


231680-12 


. --- .. ---- .. --- 


Pinout for a 58-pin 
plastic 
leaded 
chip carrier 
is as below: 


Vi 
0 - 
N 
'" 
'ot 
II> 
8 c 
l:I 
'" 
'ot 
II> 
CD 
•... 
co 
:1l 
c c c c c 
C 
Q 
Q 
Q 
Q 
Q 
III 
Q 
« 
« 
« 
« 
« 
« 
« 
« 
> 
« 
« 
« 
« 
« 
« 
« 
« 


2 
3 • 
5 
6 
7 
8 
9 
10 
11 
12 
13 
1. 
15 
16 
17 


CKIO 68 
18 A16 


XTALOUT 
67 
19 BHE/ 


XTALIN 66 
20 ALE 


CTO 65 
21 
RO/ 


CASH/6. 
22 WR/ 


CASL/ 
63 
23 
R/OV3 


RAS/ 
62 
2. 
G/OV2 


WE/61 
82716 
25 
B/OVl 
BOTTOM 


VCC2 
60 
VIEW 
26 VCCI 


AOORO 
59 
27 VREF' 


AOORl 
58 
28 OVR/OVO 


AOOR2 
57 
29 
RESET 


AOOR3 
56 
30 
ROY 


AOOR.55 
31 
PLLCTL 


AOOR5 
5. 
32 
HSYNC 


AOOR6 
53 
33 VSYNC 


AOOR7 
52 
3. 
OLO 


51 
50 
.9 
.8 
.7 
•6 
.5 •• 
.3 
.2 
.1 
.0 
39 
38 
37 
36 
35 
co 
•... 
CD 
II> 
'ot 
'" 
N 
i 
N 
0 
•... 
CD 
II> 
'ot 
'" 
N 
:i 
l!i 
:I: 
:I: 
:I: 
:I: 
:I: 
:I: 
III 
:I: 
..J 
..J 
..J 
..J 
..J 
..J 


Q 
Q 
Q 
Q 
Q 
Q 
Q 
III 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
Q 
> 
« 
231680-13 


inter 


•Notice: Stresses above those listed under '~bso- 
lute Maximum Ratings" may cause permanent dam- 
age to the device. This is a stress rating only and 
functional operation of the device at these or any 
other conditions above those indicated in the opera- 
tional sections of this specification is not implied. Ex- 
posure to absolute maximum rating conditions for 
extended periods may affect device reliability. 


Ambient 
Temperature 
Under Bias 
0 to 70·C 


Storage Temperature 
.. , 
-65·C 
to + 150·C 


Voltage 
from any Pin 
with RespecttoVss 
-1.0to 
+7.0V 


Power Dissipation 
3W 


VREF 
2V 


NOTICE- Specifications contained within the 
following tables are subject to change. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


VOH 
Output High Voltage 
2.4 
V 
IOH = - 400 JLA 


VOL 
Output Low Voltage 
0.4 
V 
IOH = 2.0mA 


VIH 
Input High Voltage 
2.0 
Vcc+0.5V 
V 


VIL 
Input Low Voltage 
-0.5 
0.8 
V 


VIHcl1) 
Input High Voltage Clock 
3.5 
Vcc+0.5V 
V 
' . 
. 


VILcl1) 
Input Low Voltage Clock 
-0.5 
0.8 
V 


'll 
Input Leakage Current 
±10 
JLA 
OV < VIN < Vcc 


ILO 
Output 
Leakage Current 
±10 
JLA 
0.45V < VOUT < Vcc 


Icc 
Power Supply Current 
300 
mA 


CIN 
Capacitance 
of Inputs 
10 
pF 
fc = 1 MHz 


CIO 
Capacitance 
of 1/0's 
15 
pF 
fc = 1 MHz 


COUT 
Capacitance 
of Outputs 
15 
pF 
fc = 1 MHz 
RAS, CASL, CASH, WE, OE 


COUT 
Capacitance 
of Outputs 
10 
pF 
fc = 1 MHz 


COUT 
Capacitance 
of Outputs 
7 
pF 
fc = 1 MHz 
(R/DV3, 
G/DV2, 
B/DV1, 
I/DV) 


CRAS 
RAS Load 
200 
pF 


CCAS 
CACSn Load 
100 
pF 


CWE 
WE Load 
200 
pF 


COlj 
DLO-DL7 
100 
pF 


DHO-DH7 
Load 


CAOO 
ADDO-ADD8 
Load 
150 
pF 


NOTE: 
1. For XTALlN, CKIO and RESET pins only. 


Symbol 
Parameter 
Mln 
Max 
Units 
Test Conditions 


teLCL 
CLOCK Cycle Period 
70 
200 
ns 


DCCK 
Duty Cycle 
40 
60 
% 


teLCH 
ClKlowTime 
0.4 teLCL 
ns 


teHCL 
ClK 
High Time 
0.4 tCLCL 
ns 


tYCLCL 
VIDEO CLOCK Cycle Period 
40 
200 
ns 


DCVCK 
Duty Cycle 
40 
60 
% 


tYCILtH 
Video Clock Rise Time(1) 
10 
ns 
From 1.0V to 3.5V 


tYCIHIL 
Video Clock Fall Time(1) 
10 
ns 
From 3.5V to 1.0V 


tiLtH 
Input Rise Time 
20 
ns 
From 0.8V to 2.0V 


tlHIL 
Input Fall Time 
20 
ns 
From 2.0V to 0.8V 


NOTE: 
1. Timings 
defined 
for CKIO in input mode. 


Symbol 
Parameter 
Mln 
Max 
Units 
Note 


tLHLL 
ALE Pulse Width 
35 
ns 


tAVLL(1) 
Address 
Set-Up Time 
15 
, 
ns 


tLLAX 
Address 
Hold Time 
20 
ns 


tAVWL 
Address 
Valid or ALE HIGH 
75 
ns 
(whichever 
is later) to WR LOW 


tAVYL 
Address 
Valid or ALE HIGH 
120 
ns 
(whichever 
is later) to ROY LOW 


tWLDV 
Data Valid after WR LOW 
8teLCL 
ns 


-100 


tWLYH 
WR LOW to ROY High 
14tCLCL 
ns 


+100 


tWLWH 
WR Pulse Width 
2teLCL 
ns 


+20 


tWHDX 
Data Hold Time After WR High 
20 
ns 


tWLLH 
WR Low to ALE High of Next 
18tCLCL 
ns 
RD/WRCycle 
+100 


NOTE: 
1. Chip select 
input, A 16, has the same timing 
spec as the other 
address 
inputs. 


inter 


Symbol 
Parameter 
Mln 
Max 
Units 
Test 
Conditions 


tRLYH 
RD LOW to ROY High 
19tCLCL 
ns 


+100 


taVYH 
Data Valid to ROY High 
0 
ns 


tRHQZ 
Data Float Time after RD 
10 
60 
ns 
(Note 1) 


tRLQV 
RD LOW to Data Valid 
75 
ns 
(PRE =1) 


tRLRH 
RD Pulse Width 
2teLCL 
ns 
(PRE =1) 
+20 


tRLLH 
RD LOW to ALE High of 
18teLCL 
ns 
Next RD/WR 
Cycle 
+100 


tAVRL 
Address 
Valid or ALE High 
75 
ns 
(whichever 
is later) to RD LOW 


NOTE: 
1. IOL, IOH = 10 mA, CL = 100 pF. 


Symbol 
Parameter 
SAB=1 
SAB = 0 
Units 


Mln 
Max 
Mln 
Max 


RG 
Random 
Read Cycle Time 
5 tclcl 
- 
40 
4tclcl 
- 
40 
ns 


REF 
Refresh Time 
128 Cycles 
Note 1 
Note 1 
ms 
256 Cycles 
Note 2 
Note 2 


RP 
RAS Precharge 
Time 
2 tclcl 
- 
20 
2 tclcl 
- 
20 
ns 


GPN 
CAS Precharge 
Time 
3 tclcl 
- 
40 
3 tclcl 
- 
40 
ns 
(Non-Page 
Mode) 


RGD 
RAS to CAS Delay Time 
tclcl - 
10 
tclcl 
- 
10 
ns 


RSH 
RAS Hold Time 
2 tclcl 
- 
35 
tclcl 
- 
35 
ns 


tcSH 
CAS Hold Time 
3 tclcl 
- 
20 
2tclcl 
- 
20 
ns 


ASR 
Row Address 
Set-Up Time 
5 
5 
ns 


RAH 
Row Address 
Hold Time 
tchcl 
- 
65 
tchcl 
- 
65 
ns 


ASG 
Column Address 
Set-Up Time 
5 
5 
ns 


trAH 
Column Address 
Hold Time 
tclcl 
tclcl 
ns 


AR 
Column Address 
Hold to RAS 3 tclcl + tchcl 
- 
20 
2 tclcl + tchcl 
- 
20 
ns 


RAS Pulse Width 
3 tclcl - 
30 
. 
2 tclcl 
- 
30 
ns 
RAS 
trAS 
CAS Pulse Width 
2 tctcl - 
40 
tclcl - 
40 
ns 


GRP 
CAS to RAS Precharge 
Time 
2 tclcl - 
50 
2 tclcl 
- 
50 
ns 


tcAG 
Access 
Time from CAS 
2 tclcl - 
70 
tclcl 
- 
70 
ns 


RAG 
Access Time from RAS 
3 tclcl 
- 
45 
2 tclcl 
- 
45 
ns 


toFF 
Data-In Hold Time 
35 
35 
ns 


NOTES: 
1. (128/(12' 
scan line time» + 10,000tclcl 


2. (256/(12 
• scan line time» + 10,000 tclcl 


RAS 


tCRP 


CAS 


tASR 


ADDRESS 


WE 


DATA IN 


Symbol 
Parameter 
SAB=1 
SAB=O 
Units 
Mln 
Max 
Mln 
Max 


tRC 
Random Write Cycle Time 
5 tclcl 
- 
40 
4 tclcl 
- 
40 
ns 


tRAS 
RAS Pulse Width 
3 tclcl - 
30 
2 tclcl 
- 
30 
ns 


teAS 
CAS Pulse Width 
2 tclcl 
- 
40 
tclcl 
- 
40 
ns 


twP 
Write Command 
Pulse Width 
3 tclcl 
- 
20 
2 tclcl 
- 
20 
ns 


twcs 
Write Command 
Set-Up Time 
tclch 
- 
10 
tclch 
- 
10 
ns 


tWCH 
Write Command 
Hold Time 
2 tclcl + tchcl 
- 
40 
tclcl + tchcl 
- 
40 
ns 
to CAS 


tWCR 
Write Command 
Hold Time 
3 tclcl + tchcl 
- 
40 
2 tclcl + tchcl 
- 
40 
ns 
to RAS 


tRWL 
Write to RAS Lead Time 
2 tclcl + tclch 
- 40 
tclcl + tclch 
- 
40 
ns 


teWL 
Write to CAS Lead Time 
2 tclcl + tclch 
- 
50 
tclcl + tclch 
- 
50 
ns 


tos 
Data-Out 
Set-Up Time 
tctcl + tclch 
- 
50 
tctcl + tclch 
- 
50 
ns 


tOH 
Data-Out 
Hold Time 
2 tclcl + tchcl 
- 
20 
tctcl + tchcl 
- 
20 
ns 


tOHR 
Data-Out 
Hold Time to RAS 
3 tclcl + tchcl 
- 
20 
2 tclcl + tchcl 
- 
20 
ns 


tR, tF 
Rise, Fall Time RAS, CAS 
5 
40 
5 
40 
ns 


inter 


I 
II 
tRWL 
teWL 
I- Il-=-tWCH 


twP 


tWCR tos--ll-- tOH 


Symbol 
Parameter 
SAB=1 
SAB=O 
Units 


Mln 
Max 
Mln 
Max 


tpc 
Page Mode Read Cyele 
3 tclel - 
20 
2 telcl - 
20 
ns 


tcp 
CAS Precharge 
Time 
telel - 
20 
tclcl - 
20 
ns 


teAS 
CAS Pulse Width 
2 tclcl 
- 
40 
tclcl - 
40 
ns 


tRPM 
RAS Pulse Width 
96 tclcl - 
5 
65 tctcl - 
5 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 
Comments 


txHCH 
XTALIN 
High to 
60 
ns 
EVC = 0 


CKIOHigh 
HAS = 1 


txLCL 
XTALiN Low to 
70 
ns 
EVC = 0 
CKIOLow 
HAS = 1 
~ 


75 
ns 
EVC = 0 
HAS = 0 


txLCH 
XTALIN 
Low to 
80 
ns 
EVC = 0 
CKIOHigh 
HAS = 0 


txooo 
Digital Data Delay 
30 
ns 
EVC = 0 
HAS = 1 


35 
ns 
EVC = 0 
HAS = 0 


70 
ns 
EVC = 1 
HAS = 1 


EVC = 0 


"::::ji.;;i=4 
)'''~{ 


HAS = 1 


(OUTPUT) 
OJ 
I 


tDDDf 


DV3-DVO 


231680-21 


Video Output Timings 


HRS = 0 
Eve = 0 
XTALIN 


CKIO 
'''!d- 
(OUTPUT) 


DV3-DVO 


tDDDt= 


231680-22 


HRS = 1 
CKIO 
Eve = 1 
(INPUT) 


DV3-DVO 
231680-23 


Video Output Timings 


inter 


Symbol 
Parameter 
Mln 
Max 
Unit 
Test Condition 


VREF 
Reference 
Voltage 
1.6 
V 
typ = 1.6V 


RYREF 
Source 
Impedance 
of VREF 
200 
n 


Linearity 
%LSB 
VREF = 1.6V ±5% 


ts 
Settling Time 


" 


20 
ns 
Max Load = 10 pF 


SYNC SPEC 


tHSYN 
HSYNC Delay from XTALIN 
150 
ns 


tYSYN 
VSYNC Delay from XTALIN 
150 
ns 


toFF1 
Dead Zone between 
Two Active 
120 tclcl 
ns 


Horizontal 
Zones 


tpLL 
PLLCTL Valid Delay from HSYNC 
100 
ns 


--.,,/ 


The following 
lists key differences 
between 
this and the July 1986 (Order no. 231680-001) 
data sheet: 


1. Test conditions 
for tRHQZ (data float time after RD) are clarified 
in Note 1. CPU Read Cycle Timings. 


2. DRAM controller 
READ and WRITE cycle timings 
changed 
to reflect 
current 
testing. 


3. Microprocessor 
and Memory 
Interface 
text modified 
to clarify ROY and REFRESH 
operations, 
respectively. 


·nter 
~OO~lLOlMlOOO~OOW 
I 
82786 CHMOS GRAPHICS COPROCESSOR 
• High Performance Graphics 
• Hardware Windows 
• Fast Polygon and Line Drawing 
• Fast Bit-Block Copies Between System 
• High Speed Character Drawing 
and Bitmap Memories 
• Advanced DRAM/VRAM Controller 
for 
• Third-Party Software Support 


Graphics Memory up to 4 Mbytes 
• Multi-tasking 
Support 
• Supports up to 200 MHz CRTs 
• Provides Support for Rapid Filling with 
- 
up to 640 by 480 by 8 Bits (DRAMs) 
Patterns 
or 1400 by 1400 by 1 Bit (DRAMs) 
• Programmable Video Timing 
or 2048 by 2048 by 8 Bits (VRAMs) 


Up to 256 Simultaneous Colors 
• Advanced CHMOS Technology 
• 
Integral DRAM/VRAM Controller, 
Shift 
• Supports Dual Port Video DRAMs & 
• 
Sequential Access DRAMs 
Registers and DMA Channel 


International 
Character Support 
• 88 Pin Grid Array and Leadless Chip 
• 
Carrier 
• Interface Designed for Device- 
(See 
Intel Packaging; 
Order 
Number: 
231369) 


Independent 
Standards 


The 82786 
is a powerful, 
yet simple 
component 
designed 
for microcomputer 
graphics 
applications 
including 


personal 
computers, 
engineering 
workstations, 
terminals, 
and laser printers. 
Its advanced 
software 
interface 
makes applications 
and systems 
level programming 
efficient 
and straight-forward. 
Its performance 
and high-in- 


tegration 
make it a cost-effective 
component 
while improving 
the performance 
of nearly any design. 
Hardware 


windows 
provide 
instantaneous 
changes 
of display contents 
and support 
multiple 
graphics 
applications 
from 


multiple 
graphics 
bitmaps. 
Applications 
programs 
written for the IBM Personal Computer 
can be run within one 


or more windows 
of the display when used with Intel CPUs. 


The 82786 works with all Intel microprocessors, 
and is a high-performance 
replacement 
for sub-systems 
and 


boards which 
have traditionally 
used discrete 
components 
and/or 
software 
for graphics 
functions. 
The 82786 


requires 
minimal support 
circuitry 
for most system configurations, 
and thus reduces 
the cost and board space 


requirements 
of many applications. 
The 82786 
is based on Intel's 
advanced 
CHMOS 
III process. 
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Figure 1.82786 Pinout-Bottom 
View 


inter 


The 
82786 
is an intelligent 
peripheral 
capable 
of 


both drawing 
and refreshing 
raster 
displays. 
It has 


an integrated 
drawing 
engine 
with a high level VOl 


like 
graphics 
commands. 
Multiple 
character 
sets 


(fonts) 
can be used simultaneously 
for text display 


applications. 
The 82786 
provides 
hardware 
support 


for 
fast 
manipulation 
and 
display 
of 
multiple 
win- 


Table 1.82786 
Pin Description 


dows on the screen. 
It supports 
high resolution 
dis- 


plays with a 25 MHz pixel clock 
and can display 
up 


to 256 colors simultaneously. 
Using multiple 
82786s 


and/ or in conjunction 
with dual port video 
DRAMs 


(VRAMs), 
the 82786 
is virtually 
unlimited 
in terms of 


color support 
and resolution. 


Symbol 
Pin 
Type 
Description 
Number 


A21:0 
A09,B08,A08,B07, 
I/O 
Address 
lines for the External 
Bus. Inputs for Slave Mode 
A06,B06,A05,B05, 
accesses 
of the 82786 supported 
Graphics 
memory array or 
A04,B04,A03,B03, 
82786 internal 
memory or I/O mapped registers. 
Driven by the 


A02,B02,B01,C02, 
82786 when it is the External 
Bus Master. 


C01 ,002,001 
,E02, 


E01,F02 


015:0 
N12,M12,M13,L 
12, 
I/O 
Data Bus for the 82786 Graphics 
memory array and the External 
L13,K12,K13,J12, 
Bus. 
J13,H12,H13,G12, 
G13,F13,F12,E13 


BHE 
B13 
I/O 
By1e High Enable. An input of the 82786 Slave Interface; 
driven 


LOW by the 82786 when it is Bus Master. Determines 
asynchronous 
vs. synchronous 
operation 
for RD, WR and HLDA 


inputs at the falling (trailing) edge of RESET. A HIGH state selects 
synchronous 
operation. 


RD 
013 
I/O 
Read Strobe. An input of the 82786 Slave Interface; 
driven by the 


82786 when it is Bus Master. Selects 
normal/test 
mode at falling 


RESET. 


WR 
C13 
I/O 
Write Strobe. An input of the 82786 Slave Interface; 
driven by the 


82786 when it is Bus Master. Selects 
normal/test 
mode at falling 


RESET. 


M/IO 
C12 
I/O 
Memory or I/O indication. 
An input of the 82786 Slave Interface; 


driven HIGH by the 82786 when it is the Bus Master. Determines 
synchronous 
80286 or 80186 interface 
at the falling edge of 


RESET. A LOW state selects a synchronous 
80286 interface. 


CS 
012 
I 
Chip Select. Slave Interface 
input qualifying 
the access. 


MEN 
B11 
0 
Master Enable. Driven HIGH when the 82786 controls 
the External 


Bus. (i.e., HLDA received 
in response 
to a 82786 HREQ.) Used to 


steer the data path and select source of bus cycle status 
commands. 


SEN 
A11 
0 
Slave Enable. Driven HIGH when the 82786 is executing 
a Slave 


bus cycle for an External 
Master into the 82786 graphics 
memory 


or registers. 
Used to enable the data path and as a READY 


indication 
to the External 
Bus Master. 


READY 
E12 
I 
Synchronous 
input to the 82786 when executing 
External 
Bus 


cycles. Identical 
to 80286 READY. 


Symbol 
Pin 
Type 
Description 
Number 


HREC 
B12 
0 
Hold Request. 
Driven HIGH by the 82786 when an access 
is being 


made to the External 
Bus by the Display or Graphics 
Processors. 


Remains 
HIGH until the 82786 no longer needs the External 
Bus. 


HlDA 
A12 
I 
Hold Acknowledge. 
Input in response 
to a HREC output. 


Asynchronous 
vs. synchronous 
input determined 
by state of BHE 


pin at falling RESET. 


INTR 
B10 
0 
Interrupt. The logical OR of a Graphics 
Processor 
and Display 


Processor 
interrupt. 
Cleared with an access to the BIU Control 


Register. 


RESET 
A10 
I 
Reset input, internally 
synchronized, 
halts all activity on the 82786 


and brings it to a defined 
state. The leading edge of RESET 


synchronizes 
the 82786 clock to phase 2. The trailing edge 


latches the state of BHE to establish 
the type of Slave Interface. 
It 


also latches 
RD, WR and MIO) to set certain test modes. 


ClK 
B09 
I 
Double frequency 
clock input. Clock input to which pin timings are 


referenced. 
50% duty cycle. 


CASO 
M09 
0 
Column Address 
Strobe O. Drives the CAS inputs of the even word 


Graphics 
memory bank if interleaved; 
identical 
to CAS1 if non 


interleaved 
Graphics 
memory. Capable 
of driving 16 DRAM/ 


VRAM CAS inputs. 


CAS1 
N09 
0 
Column Address 
Strobe 
1. Drives the CAS inputs of the odd word 


Graphics 
memory bank if interleaved; 
identical 
to CASO if non- 


interleaved 
Graphics 
memory. Capable 
of driving 16 DRAM/ 


VRAM CAS inputs. 


RAS2:0 
M07,N08,M08 
0 
Row Address 
Strobe. Drives the RAS input pins of up to 16 


DRAMsIVRAMs. 
Drives the first three rows of both banks of 


Graphics 
memory. 


DRA9/RAS3 
N06 
0 
Multiplexed 
most significant 
Graphics 
memory address 
line and 


RAS3. DRA9 when using 1 Mb DRAMS; RAS3 otherwise. 


WEl 
N10 
0 
Write Enable low 
Byte. Active lOW 
strobe to the lower order byte 


of Graphics 
memory. 


WEH 
M10 
0 
Write Enable High Byte. Active lOW 
strobe to the higher order 


byte of Graphics 
memory. 


DRA8:0 
M06,N05,M05, 
0 
Multiplexed 
Graphics 
memory Address. 
Graphics 
memory 
row and 
N04,M04,N03, 
column address 
are multiplexed 
on these lines. Capable 
of driving 
M03,N02,M02 
32 DRAMsIVRAMs. 


BEN1:0 
N11,M11 
0 
Multiplexed 
Bank Enable and Data Transfer 
Line. In normal 
DT1:0 
memory cycle enables the output of the Graphics 
memory array 


on to the 82786 data bus, 015:0. 
In data transfer 
cycle, loads the 


serial register in dual port video DRAMs (VRAMs). 
BEN1 /DT1 
and 


BENO/DTO control 
Bank1 and BankO respectively. 


BLANK 
F01 
I/O 
Output used to blank the display at particular 
positions 
on the 


screen. 
May also be configured 
as input to allow the 82786 to be 


synchronized 
with external 
sources. 


Symbol 
Pin 
Type 
Description 
Number 


VOATA7:0 
H02,J01,J02, 
0 
Video data output. 


, 


K01 ,K02,L01, 
L02,M01 


VCLK 
H01 
I 
Video Clock input used to drive the display section of the 82786. 
Maximum 
frequency 
of 25 MHz. 


HSYNC/WSO 
G02 
1/0 
Horizontal 
Sync. Window status is multiplexed 
on this pin. May 


also be configured 
as input to allow the 82786 to be synchronized 


with external sources. 
May also be configured 
to output Window 


status. 


VSYNC/WS1 
G01 
1/0 
Vertical 
Sync. Window status is multiplexed 
on this pin. May also 


be configured 
as input to allow the 82786 to be synchronized 
with 


external 
sources. 
May also be configured 
to output Window 
status. 


Vss 
A01,N01,A13, 
4 Vss pins. 


N13 


VCC 
N07,A07 
2 VCC pins. 


82786 
DATA 
BUS 


Figure 2 


Display Processor 


The 82786 
is a high integration 
device 
which 
con· 
tains three basic modules 
(figure 2): 


1. Display 
Processor 
(DP) 
2. Graphics 
Processor 
(GP) 


3. Bus 
Interface 
Unit 
(BIU) 
with 
DRAMIVRAM 
Controller. 


The 82786 
Display Processor 
controls 
the CRT tim· 


ings and generates 
the serial video data stream 
for 


the display. 
It can assemble 
several windows 
on the 


screen 
from 
different 
bitmaps 
scattered 
across 
the 


memory 
accessible 
to the 82786. 


The 82786 Graphics Processor executes commands 
from a Graphics Command Block (GCMB) (placed in 
memory by the host CPU) and updates the bitmap 
memory for the Display Processor. The Graphics 
Processor has high level VDI like commands and 
can draw graphical objects and text at high speeds. 


The BIU controls all communication between the 
82786, external CPU and memory. The BIU includes 
an integrated DRAMIVRAM controller that can take 
advantage of the high speed burst access modes of 
page mode and fast page mode DRAMs to perform 
block transfers. The Display Processor and Graphics 
Processor use the BIU to access the bitmaps in 
memory. 


Memory Structure 
and Internal 


Registers 


The 82786 address range is 4 Mbytes. This is divid- 
ed between the graphics memory directly supported 
by the 82786 and external system memory. The 
82786 distinguishes between graphics memory and 
external 
system memory by assuming graphics 


memory space starts at address OHand goes up to 
whatever amount of graphics memory is configured. 
External system memory occupies the rest of the 
address space. The amount of graphics memory 
configured, and therefore the graphics memory/ex- 
ternal system memory boundary, is controlled by the 
"DRAMIVRAM 
Control Register" in the BIU. The 


upper limit of configured graphics memory is 4 
Mbytes. 


A 128 byte block (contiguous) of internal control reg- 
isters is distributed throughout the three modules on 
the 82786. This block can be either memory or I/O 
mapped in the CPU address space. The base ad- 
dress and memory or I/O mapped for this register 
block is programmable through the "Internal Reloca- 
tion Register" in the BIU. 


External Memory Access (Master 
Mode) 


The 82786 initiates "Master 
Mode" whenever it 


needs to access a memory address that is beyond 
the upper limit of configured graphics memory. This 
memory is typically external memory shared be- 
tween the 82786 and the external CPU.The bus tim- 
ings in this mode are similar to the 80286 style bus 
timings. 


An 82786 request for the bus is indicated by a high 
level on the HREQ line. The 82786 drives the exter- 
nal bus (A21:0, D15:0, RD, WR, MID and BHE) only 
after receiving a HLDA (acknowledge) from the ex- 
ternal master. The HLDA line could be externally 
synchronized (82786 synchronous mode) or inter- 
nally synchronized (82786 asynchronous mode). 
The 82786 will deactivate the HREQ line when it no 
longer needs to access external memory or when it 
senses an inactive HLDA. The 82786 indicates that 
it is in control of the external bus by a high level on 
the MEN output. Screen corruption can occur if the 
master mode bus cycle, including HREQ/HLDA la- 
tency, is too long. 


The 82786 Slave Interface allows an external CPU 
access into the graphics memory array or the 82786 
Internal Registers. The external CPU directs 
a 


(read/write) slave access to the 82786 by asserting 
the 82786 CS input. When the 82786 is not driving 
the external bus, the A21:0, RD, WR, MID and BHE 
lines are inputs. The RD, WR, MID and CS lines are 
constantly monitored by the 82786 to detect a CPU 
cycle directed at the 82786. After beginning a slave 
access to the 82786, the external CPU must go into 
a wait state. The 82786 will not process new slave 
commands from the CPU before the previous com- 
mand has been serviced. The 82786 initiates a slave 
access by a high level on the SEN output and termi- 
nates the slave access when SEN is low. The data 
bus transceivers can be enabled by SEN. 


SEN as Slave Ready Indication 


Inverted SEN should be connected to the 82284 
ARDY input when the Slave Interface is set in syn- 
chronous 80286 mode. The number of wait states 
for a read cycle is a function of the DRAMIVRAM 
speed. Write cycles execute with 2 wait states be- 
cause the 82786 issues SEN with different timing 
during write cycles. 


The 82786 supports byte accesses to graphics 
memory. The combination of BHE and AO generate 
the proper WEL and WEH signals. BHE and AOare 
ignored for read cycles. Since the Display and 
Graphics Processors always generate word ad- 
dresses, the slave cycles directed to graphics mem- 
~re 
the only time WEL may not exactly follow 


WEH. 


The 82786 will acknowledge a slave access from an 
external CPU while waiting for an acknowledge 
(HLDA) to its own request for the external bus. This 
prevents a potential deadlock situation. 


intJ 


Synchronous/Asynchronous 
Operation 


The synchronous/ asynchronous mode is selected 
by the state of the BHE input at the falling edge of 
reset. A high state selects synchronous operation. 
The synchronous interface requires that the 82786 
and the 80286/80186 clock inputs are shared. For 
the 80286 case, a common RESET ensures that the 
82786 and the 80286 initialize to the same state. 
With the 80186, external hardware must ensure that 
the 82786 phase1 is coincident with the 80186 
CLKOUT LOW. In the Master Mode, the HLDA line is 
sampled 
synchronously 
or 
asynchronously. The 
82786 slave interface provides for synchronous or 
asynchronous sampling of the command lines (RD 
and WR). 


On reset, the 82786 always assumes an 8 bit host 
interface. The first few accesses to the 82786 must 
be 8 bit accesses. The 82786 can be switched to a 
16 bit interface by setting the "BCP" bit in the "BIU 
Control Register". 


In 16 bit mode, the Internal Register Block is only 
word addressable. Odd word or odd byte accesses 
to the internal locations will not produce the desired 
result. Even byte access, however will work as de- 
sired. The least significant address bit, AO,is ignored 
in 16 bit mode. 


In 8 bit mode, the internal registers must be ac- 
cessed by two successive bus cycles. This is not 
necessary for reads, but is necessary for writes to 
the internal registers. The low byte (AO= 0) must be 
written first, followed by the high byte (AO = 1) of 
the register. A21:1 must be the same for both bus 
cycles. The register is not changed until the second 
byte (the high byte) is written to the 82786. There is 
no restriction on the time between the two bus cy- 
cles, but if successive low bytes are written before a 
high byte is written, the last low byte is the one writ- 
ten to the register. The BIU latches even bytes (AO 
= 0) of write data in a temporary register. When an 
odd byte is subsequently written to location address 
+ 1, this byte and the even byte in the temporary 
register are written to the desired location. A lock 
out mechanism prevents a high byte write to modify 
an internal register if there is no valid word in the 
temporary register. 


There is no crossing done by the 82786 in 8 bit 
mode: low bytes are transferred on the low data 
lines 07:0 and the high bytes on 015:8. An external 
crossover creates the 8 bit bus for the host. This is 
not additional hardware since a crossover is needed 
for an 8 bit host accessing of the memory array any- 
way. 


The BIU receives requests to access the graphics 
memory from the Display Processor, the Graphics 
Processor and the External CPU. Additionally the in- 
ternal DRAMIVRAM Controller also generates re- 
fresh requests. The DRAMIVRAM refresh requests 
are always highest priority. The other requests are 
arbitrated with programmable priorities. A higher pri- 
ority request can interrupt lower priority memory cy- 
cles. Block transfers however can only be interrupt- 
ed on doubleword boundaries. 


There are two priority levels for requests from the 
Display and Graphics Processors: a First Priority 
(FPL) and a Subsequent Priority (SPL).The First Pri- 
ority is the priority at which the first request of a bus 
cycle is arbitrated with. The Subsequent Priority is 
the priority associated with subsequent requests of a 
block transfer bus cycle. This allows for block trans- 
fers to execute with a different priority level. If a 
higher priority request occurs while a block transfer 
is executing, the BIU suspends the current block 
transfer and acknowledges the higher priority re- 
quest. After completion of that higher priority memo- 
ry access, the requests are arbitrated again. The 
suspended block transfer is arbitrated with its SPL 
priority since it is still executing a block transfer. The 
External Request has no Subsequent Priority level 
since it cannot execute block transfers. It does have 
an Altered Priority, though, which is the priority it as- 
sumes once every 42 CLK's (maximum bus latency 
for IBM PC's). The default priorities from highest to 
lowest following RESET are: 


External 
External 
Display 
Graphics 
Displays 
Graphics 


APL 
7 
FPL 
7 
FPL 
6 
FPL 
5 
SPL 
3 
SPL 
2 


Three bits describe the priorities; 7 is the highest 
and 0 is the lowest. If two priority registers are pro- 
grammed with the same value, a default priority 
chain is used. The default order is, from highest to 
lowest priority: 


1. Display Processor 
2. Graphics Processor 
3. External 


The 82786 directly supports up to 32 DRAMs with- 
out additional external logic. This capability allows 
the use of cost effective memory devices and can 
result 
in 
significant 
performance 
improvement 


through the use of either standard Page Mode or the 
newer Fast Page Mode/Static Column Decode se- 
quential access RAMs. The Fast Page Mode/Static 
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inter 


Column Decode parts enable the 82786 to cycle the 
DRAMs in 100 ns instead of the 200 ns used for 
Page Mode parts. The 82786 also allows the memo- 
ry to consist of either standard single port memory 
devices or dual port Video RAM devices (VRAMs). 


The 82786 supports a wide range of DRAMIVRAM 
configurations. The choices include interleaving or 
non-interleaving (1 or 2 banks - one CAS line/bank), 
number of rows per bank (1, 2, 3 or 4 - one RAS 
line/row), width (x1, x4 or x8), height (16k, 64k, 256k 
or 1M) and performance (Page Mode or Fast Page 
Mode/Static Column Mode). The only limitation is 
the address space limit of 4Mbytes. The 82786 
DRAMIVRAM 
address lines (DRAx) can directly 


drive 32 memory devices while the RAS, CAS, WE 
and BEN lines can directly drive 16 devices. When 
the memory array consists of more than 32(16) de- 
vices then external drivers must be used to drive the 
memory array. 


DRAMs with a HEIGHT of 64k are not allowed in the 
graphics memory of a system in which Master Mode 
will be used. There is no limitation on the total 
DRAM density (64k x 4 DRAMs cannot be used; 
256k x 1 DRAMs are okay). 


There are some special DRAM configurations: 


i) When 1 Mb x 1 DRAMs are used, RAS3 is used 


as DRA9. 


ii) When only one interleaved row is configure~ 


(32 devices), RAS1 is identical to RASO.AddI- 
tional buffering on RASO is therefore not re- 
quired. 


iii) When two non interleaved rows are configure~ 


(32 devices), CAS1 is identical to CASO.AddI- 
tional buffering on CASO is therefore not re- 
quired.. 


DRAM Cycle Types 


The 82786 supports two fundamental memory cycle 
types: single and block. A single cycle involves a 
single 16 bit word, while a block transfer is a mini- 
mum of 2 16 bit words with no maximum length. The 
single cycle types supported and their cycle times 
are given below. The cycle times are counted in sys- 
tem clocks, % the ClK input frequency. 


1. Single Reads 
3 cycles 300 ns @ 10 MHz 


2. Single Writes 
3 cycles 300 ns @ 10 MHz 


3. Read-Modify- 
4 cycles 400 ns @ 10 MHz 


Writes 


The block cycles use the high speed sequential ac- 
cess modes of page mode, fast page mode (ripple 
mode) and static column DRAMs. Typical perform- 
ance numbers for this case are: 


1. Page Mode, 
Non-Interleaved 


2. Page Mode, 
1 cycle 20 Mb/s 
@ 10 MHz 


Interleaved 
3. Fast Page Mode, 
1 cycle 20 Mb/s 
@ 10 MHz 


Non-Interleaved 
4. Fast Page Mode, 
.5 cycles 40 Mb/s 
@ 10 MHz 


Interleaved 


All accesses into the graphics memory by the Dis- 
play Processor use the high speed sequential ac- 
cess mode whenever possible. The Graphics Proc- 
essor uses a single Read-Modify-Write cycles for all 
pixel drawing operations. Block copy operations by 
the Graphics Processor use the high speed sequen- 
tial access modes. External CPU access into graph- 
ics memory is always a single read or write cycle. 
When configured to interface with dual port VRAMs, 
the 82786 generates Page Mode and Fast Page 
Mode style control 
signals for 
memory access 


through the normal random access port. It also exe- 
cutes a data transfer cycle when the video shift reg- 
ister in the VRAMs have to be loaded. 


Graphics Memory Refresh 


The BIU has an internal DRAMIVRAM refresh con- 
troller. The refresh period is programmable through 
the "DRAMIVRAM Refresh Contro'" Register in the 
BIU. All configured rows are refreshed simulta- 
neously by activating the corresponding RAS lines 
periodically (RAS only refresh). The refresh row ad- 
dress (10 bits) is generated internally. On power up, 
the refresh row address is undefined. On normal re- 
set, the refresh row address is not affected. It is ini- 
tialized only if the 82786 is reset into the "BIU Test 
Mode". Not modifying the refresh address during 
RESET allows for a "warm RESET" implementation: 
contents of DRAMIVRAM can be insured to remain 
valid if RESET is short enough (less than three 
DRAMIVRAM 
refresh cycles). DRAMIVRAM 
re- 


fresh will continue at the proper row after RESET 
goes inactive again. 


The graphics memory refresh cycles are always the 
highest priority cycles. There is some latency possi- 
ble between the internal refresh request and the ac- 
tual refresh cycle. This latency is critical only in one 
case: The 82786 is in a wait state while executing a 
bus cycle on the External Bus. 


The worst case is a refresh request occurring just 
after the 82786 receives a HlDA from the host CPU 
to execute a block transfer on the external bus. Re- 
fresh requests can interrupt block transfers, but only 
on doubleword boundaries - 
the 82786 must exe- 


cute 2 full bus cycles on the external bus before the 
refresh cycle is run. The possibility of many wait 
states when executing these two bus cycles creates 
a need for a large refresh latency tolerance. The 
82786 can queue up to 3 refresh requests internally. 


In the default mode (a refresh request occurs every 
15.2 micro seconds and at 10 MHz operation), this 
implies that each bus cycle to external memory 
should not have more than 225 wait states. 


There is no warm up logic on the 82786. The system 
must either wait for sufficient number of refresh cy- 
cles to execute or the boot software on the host can 
quickly access the memory array for the required 
number of cycles. 


The default value of the DRAMIVRAM Control Reg- 
ister configures the array as 4 rows of Non-Inter- 
leaved Page Mode 256k x 1 with refresh requests 
generated every 15.2 micro seconds. 


Internal Register and Graphics 
Memory Slave Access 


The external master can access either 82786 inter- 
nal memory I/O mapped registers or the Graphics 
memory. The 82786 internal address space consists 
of a contiguous 128-byte block that starts on an 
even byte address. It is mapped to memory or I/O 
space depending on the state of the MilO bit in the 
"Internal Relocation Register". If the MilO bit is set 
to 
one, the 
Internal Register Block is memory 


mapped. If the M/IO bit is zero, the Internal Register 
Block is I/O mapped. An address comparison is 
done between the Internal Relocation Register and 
the incoming address to determine if the CPU ac- 
cess is directed to internal memory/IO mapped reg- 
isters. 


Intel reserves the right to add functions to future ver- 
sions of the 82786. Users should not use reserved 
locations in order to ensure future compatibility. 


Slave performance is measured here by assuming a 
request is made to an idle 82786. A synchronous 
interface is assumed. 


Minimum 80286 Wait States = 3 


(10 MHz 80286 and 82786) 


Minimum 80386 Wait States = 8 


(16 MHz 80386, 8 MHz 82786) 


Minimum 80186 Wait States = 3 


(10 MHz 80186 and 82786, WT = 1) 


Minimum 80186 Wait States = 2 


(10 MHz 80186 and 82786, WT = 0) 


The values mentioned above are for read cycles. In 
some cases, write cycles can operate with fewer 


wait states. For instance, the 80286 can execute 2 
wait state synchronous write cycles. The 80186 can 
execute write cycles with one less wait state than 
mentioned above. 


For asynchronous interfaces, if the CPU is operating 
at the same frequency as the 82786, the number of 
wait states are typically 1 more than those indicated 
above. For CPUs operating at a slower frequency 
than the 827&6, the number of wait states are, on 
the average, less than 1 greater than those given 
above. In some cases, (eg. a 6 MHz 80286) an asyn- 
chronous interface acutally has less wait states than 
those Quotedabove for the synchronous interface. 


The 82786 Internal Register block is relocatable by 
programming an even byte address in the "Internal 
Relocation Register" in the BIU. The register block 
can be memory or I/O mapped based on the state 
of the M/iO bit. The Register Block is physically dis- 
tributed between the three 82786 modules, BIU, 
Graphics Processor and Display Processor. 


Accesses to reserved locations have no effect; they 
execute normally but may produce indeterminate 
read data. No register is altered when a write is exe· 
cuted to a reserved location. 


Location of Internal Registers within 128 byte block: 


Byte 
Address 


BIU Registers 


reserved 


GP Registers 


reserved 


DP Registers 


reserved 


'OO-OFH 


'10-1FH 


'20-2B H 


'2C-3F H 


'40-4A H 


'4B-7FH 


The BIU register map is as follows: 


Byte 
Address 


BASE + OH 


BASE + 2H 


BASE + 4H 


BASE + 6H 


BASE + 8H 


BASE + AH 


BASE + CH 


BASE + EH 


Internal Relocation 


Reserved 


BIU Control 


Refresh Control 


DRAM Control 


Display Priority 


Graphics Priority 


External Priority 


The field definitions for the BIU Registers are as fol- 
lows: 


Internal Relocation 


15 14 13 
Addr = 
I 
Base 
BASE + OH ------ 
Resetvalues:xxxO 


12 
... 
4 3 2 
1 
0 


Address 
~ 


The Base Address determines the location of the 
128 byte Internal Register Block. The MIO bit se- 
lects between memory or 1/0 mapping. If it is set (1), 
the Register Block is memory mapped. At RESET, 
the Base Address is set so that the Internal Reloca- 
tion Register is located at every 128-byte address in 
the entire 1/0 space whenever CS is asserted. The 
Base Address must be written into this register be- 
fore any other registers can be accessed. 


6543210 


Addr = BASE + 4H ~ 
BCP~WPllwP21 


RESETvalue: 0 
1 
0 
0 
0 
0 
0 


VA: 
if set (1) then the 82786 generates dual 
port video DRAM (VRAM) type memory 
cycles for display data fetch. If reset (0) 
then conventional page mode type mem- 
ory cycles are performed to fetch display 
data. 


WT: 
Determines the minimum number of wait 
states possible in a synchronous 80186 
interface. If set (1), there is a minimum of 
2 (3) wait states during memory write 
(read) cycles. 
BCP: 
Determines whether the Internal Register 
block is accessed as bytes or words by 
the external CPU. If set (1), a 16 bit inter- 
face is selected. 
GI: 
Graphics Processor interrupt. Set when 
the Graphics Processor issues an Inter- 
rupt. Cleared with RESET or a read of this 
register. 


DI: 
Display Processor Interrupt. Set when the 
Display Processor issues an Interrupt. 
Cleared with RESET or a read of this reg- 
ister. 
WP1: 
Write Protection One. When set (1), all 
BIU Register contents except for the WPl 
and WP2 bits of this register are write pro- 
tected. 


WP2: 
Write Protection Two. When set (1), all 
BIU Register contents are write protected, 
including WPl and this bit, WP2. The only 
way to regain write access to the BIU reg- 
isters after this bit is set, is to RESET the 
82786. 


6 
5 
4 
3 
2 
0 


Addr = BASE + 6H ~ 
RefreshScalar 


The Refresh Scalar is a 6 bit quantity that deter- 
mines the frequency of refresh cycles to the Graph- 
ics memory. 


Refresh interval = (Scalar + 1) • 16 • Input clock 


period 


DRAM/VRAM Control 
6543210 


Addr=BASE+8H 
IRW1IRwoIDC1IDcoIHT2IHT1~ 


RESETvalue: 
1 
1 
0 
0 
1 
0 
1 


RWl :0: Number of Graphics memory Rows. One 


of the variables in defining the Graphics 
memorylExternal system boundary. Also 
disables 
RAS signals 
not 
driving 
any 


DRAMsIVRAMs. 
RWl 
RWO 
o 
0 
1 Rows 


o 
1 
2 Rows 


1 
0 
3 Rows 


1 
1 
4 Rows 


DC1:0: DRAMIVRAM Configuration. Controls the 


rate of block transfers and orientation of 
CASl and CASO. 


DCl 
DCO 
o 
0 
Page Mode, Non-Interleaved 


o 
1 
Page Mode, Interleaved 


1 
0 
Fast Page Mode, Non-Interleaved 


1 
1 
Fast Page Mode, Interleaved 


HT2:0: DRAMIVRAM 
Height. 
Defines 
the 


HEIGHT (not size) of each DRAMIVRAM 
chip in the system. All DRAMslVRAMs 
must be the same size. 


HTl 
HTO 
o 
0 
o 
1 
1 
0 
1 
1 
o 
0 
o 
1 
1 
0 
1 
1 


HT2 
o 
o 
o 
o 
1 
1 
1 
1 


8K Devices 
16K Devices 
32K Devices 
64K Devices 
128K Devices 
256K Devices 
512K Devices 
1M Devices 


Display Processor Priority 


6 
5 
4 
3 


Addr = BASE + AH~ 
FPL 


RESETvalue: 
0 


2 
0 


SPL 
o 
1 


intJ 


Graphics Processor 
Priority 


Addr = BASE + CH =1 
FPL 


RESETvalue: 
0 


SPL 
o 
1 
0 


External CPU Priority-"---- 
Addr = BASE + EH =1 
FPL 
APL 


RESETvalue: 
1 
1 


Specifies the priorities of the Display Processor, 
Graphics Processor and External CPU requests for 
the first request (FPL) and subsequent requests for 
block transfers (SPL). Code 111 is highest priority. 
Code 000 is lowest priority. 


The state of BHE at trailing RESET determines syn- 
chronous vs. asynchronous operation. In Master 
mode, synchronous/asynchronous operation affects 
the sampling of the HLDA signal only. In Slave 
mode, synchronousl~lnchronous 
operation affects 
the sampling of RD/WR signals. Synchronous oper- 
ation is set if BHE is sensed HIGH at trailing RESET. 
This enables direct connection of the 80286 BHE 
pin in synchronous systems since it is driven HIGH 
during RESET. The 80186 "tristates" its BHE during 
RESET so a small static load on this line can select 
asynchronous operation. 


All internal registers are set to their default values on 
reset. The first slave I/O write access to the 82786 
will always be directed at the Internal Registers (ig- 
noring the upper fifteen address bits). The Internal 
Relocation Register must be programmed before 
any other Internal registers can be accessed. The 
DRAMIVRAM configuration registers must also be 
programmed to conform to any specific environ- 
ment. 


The 82786 assumes an 8 bit external CPU interface 
on reset. The graphics memory interface is always 
16 bits wide. The BCP bit in the "BIU Control Regis- 
ter" must be set to 1 to enable a 16 bit external 
interface. Interrupts are cleared on reset. 


Th& Graphics Processor (Graphics Processor) is an 
independent processor within the 82786. Its primary 
task is to draw bitmap graphics. It executes com- 
mands residing in the memory, accessing the mem- 
ory through the Bus Interface Unit (BIU).The Graph- 
ics Processor addresses 4 MB of linear memory (22 
bit addresses). 


The Graphics Processor draws into a predefined 
area in the memory which is referred to as a "bit- 
map". A bitmap can be thought of as a rectangular 
drawing area composed of pixels. A coordinate sys- 
tem is defined for this bitmap with the origin at the 
upper left corner, the x-coordinate increasing from 
left to right and the y-coordinate increasing from top 
to bottom. A bitmap can be up to 32K pixels wide 
and 32K pixels high. 


The 82786 can draw several graphics primitives 
such as points, lines, arcs, circles, rectangles, poly- 
gons and characters. During the figure drawing pro- 
cess, the 82786 follows several programmable attri- 
butes. 


The graphics attributes supported by the 82786 are: 


color 
depth (bits/pixel) 
texture 
logical operation 
color bit mask 
clipping rectangle 


Each graphics primitive can be drawn in anyone of 
2,4, 16 or 256 "Colors". The color details (bits/pixel 
and exact color) are programmable. The "Texture" 
controls the appearance of any line (or figure). The 
texture pattern can be up to 16 bits long thus en- 
abling drawing of solid, dashed, dotted, dot-dash 
etc. types of lines. Each bit in the Texture corre- 
sponds to one pixel. The 82786 supports all sixteen 
binary "Logical Operation" between a figure being 
drawn in bitmap memory and the existing contents 
of memory. It is thus possible to overlay a figure on a 
background. The "Color 
Bit Mask" 
restricts the 


drawing operation to only some "color planes". The 
clipping rectangle restricts the drawing operation to 
a specific area in the bitmap. 


The pixel information is stored in the bitmap memory 
in a packed pixel format. Different color bits for the 
same pixel are stored in adjacent bit positions within 
the same byte. Each byte represents 1, 2, 4 or 8 
pixels (in one of 256, 16, 4 or 2 colors). 


The Graphics Processor fetches its commands di- 
rectly from a linked list Memory-resident Graphics 
Processor Command Block (GCMB). The GCMB is 
created and maintained by the CPU. The initial ad- 
dress for the GCMB is contained in a Graphics Proc- 
essor Opcode Register in the 82786. Addresses for 
subsequent (next) GCMBs are contained in the pre- 
vious GCMBs. The Graphics Processor can be 
forced to stop by appropriate commands. 


When the Graphics Processor is idle, it is said to be 
in the "Poll State". This is the default mode after 
reset. While in the Poll State, the Graphics Proces- 
sor continuously monitors its internal "Opcode Reg- 
ister". A valid command in this register !'tarts the 


inter 


Graphics Processor. The first command placed in 
the internal Opcode Register must always be a 
"LINK" command directing the Graphics Processor 
to the main GCMB in memory. 


Address 
Register 
Function 


BASE + 20h 
GRO 
OPCODE 
I 
GECL 


BASE + 22h 
GR1 
Parameter 1 
(Link Address Lower) 


BASE + 24h 
GR2 
Parameter 2 
(Link Address Upper) 


Graphic Processor 
Command 
Format 


The commands are placed (along with their parame- 
ters) sequentially in memory. Several GCMBs may 
be linked together through a LINK command. All 
commands have a standard format as described be- 
low: 
15 
8 
7 
0 


OPCODE 
10 
0 
0 
0 
0 
0 
01 GECL 


Parameter 1 
••• 


Parametern 


etc. 


Each command to the Graphics Processor consists 
of an opcode, a Graphics End of Command List 
(GECL) bit and a list of parameters as required by 
the command. The opcode is 8-bits wide. The re- 
maining 7-bits in the first word of the command must 
be all zeroes to ensure future compatibility. Also, 
whenever a parameter for the command is an ad- 
dress, 32-bits have been set aside but the 82786 
uses only 22-bit addresses. The user must ensure 
that the higher 10-bits in the address parameter are 
always all zeroes All commands must lie at even 
byte addresses. 


After fetching each command, the Graphics Proces- 
sor checks the GECL bit. If the GECL bit is zero, the 
command executes and the next command is then 
fetched from the GCMB. If the GECL bit is set to 
one, the Graphics Processor does not execute the 
command and enters a POLL state. 
Graphics Processor 
Status Register 


One of the 82786 Internal Registers contains the Graphics Processor Status Byte. The bits in the Status Byte 
are represented as: 


Address 


BASE + 26H 


1. GPOLL • Poll State 
Indicates if the Graphics Processor is in a POLL 
state. 
2. GRCD • Reserved Command 


This bit is set if the Graphics Processor encoun- 
ters an illegal opcode. 
3. GINT - This bit is set as a result of the 


INTR_GEN command. 
4. GPSC - Pick Successful 


This bit is set or cleared while the Graphics 
Processor is in the PICK mode. The bit is set if 
the pick operation resulted in success on any 
command. 


5. GBCOV • bitmap Overflow for BitBlt or CharBlt 


An attempt to execute a CHAR or a BitBlt com- 
mand with any portion of the destination rectan- 
gle lying outside the clip rectangle causes this 
bit to be set. 


6. GBMOV - bitmap Overflow for Geometric Com- 


mands 
An attempt to draw a pixel lying outside clip rec- 
tangle as a result of any geometric drawing 
commands (LINE, CIRCLE etc.) causes this bit 
to be set. The reason for separating these two 
bits is the difference between the clipping oper- 
ations for the two types of commands. 


7. GCTP - Character Trap 
This bit indicates that a character specified in 
the character string as a parameter for the 
CHAR command had its TRAP bit set. 


8. GIBMD - Illegal Bit Map Definition 


This bit is set if the DEF_BIT _MAP command 
is executed with illegal parameters. The illegal 
parameters are bits per pixel defined to be other 
than 1, 2, 4 or 8, Xmax defined to be greater 
than 32k·1, or the following equation not being 
met: «Xmax + 1) • Bpp) mod 16 = O. 


"nter 


All the status bits except GPOLL are cleared upon 
reset. The GPOLL bit is set on reset. 


The Graphics Processor Instruction Pointer is a 22 
bit quantity stored in two registers in the Graphics 
processor. It points to the current command in the 
GCMB. 


Address 
Register 
Function 


BASE + 28h 
GCIPL 
Instruction 
Pointer 
Lower 


BASE + 2Ah, 
GCIPH 
Instruction 
Pointer 
Upper 


The 82786 can be instructed to restrict drawing to 
certain portion of the bitmap only. This portion is 
called the "Clipping Rectangle". The default clipping 
rectangle is the entire bitmap. The clipping rectangle 
must be redefined after a DEF_BIT _MAP 
com- 


mand. For figures that are partially inside and partial- 
ly outside the clipping rectangle, only the part inside 
the clipping rectangle is updated in the bitmap. Char- 
acter clipping is supported for word mode. 


In order for the clipping to have predictable results, 
there are some restrictions on the x,y coordinates of 
each pixel. The rules to be observed are: 
1. For lines, circles, polygons, polylines, BitBlts and 


CharBlts, 
each 
pixel 
lying 
on 
the 
figure 


(both the visible and the invisible parts) must not 
have its x or y coordinate outside ± 32K range. 
2. For circular arcs, the above restriction applies to 


the circle of which the arc is a part. 


The Graphics Processor can be put in "PICK Mode" 
by executing the ENTER_PICK 
command. In the 


PICI{ Mode, the Graphics Processor performs all 
pixel computations for all drawing, BitBlt and Char- 
acter commands. However, the bitmap memory is 
not updated. Instead every computed pixel is com- 
pared against the clipping rectangle. If any comput- 
ed pixel is found to lie within the clipping rectangle, 
the GPSC bit in the Graphics Processor Status Reg- 
ister is set. 


The character fonts are stored in memory. Starting 
from an even address, the character information is 


stored in consecutive words of memory forming a 
character block. Each block can be of different 
lengths for different characters. A character font is 
selected by programming its base address into the 
82786 through the DEF_CHAR_SET 
command. 


The font could be established for 8 or 16 bit charac- 
ter codes. Each character block within a font has the 
following format: 


15 
8 
7 
0 


Dot Pattern for 1st row 


Dot Pattern for 2nd row 


Dot Pattern for Hth row 


s-Character Space bit 


Each character block must start at a word address 
and the dot patterns for each line of the font must 
reside in separate words. The height and width of 
each character cannot be more than 16 pixels. In 
case the width of a character is less than 16 pixels, 
the dot pattern for each line must be stored as right 
justified within the word. 


Note that width and height of the character refer to 
the difference between their limiting x and y coordi- 
nates respectively. Thus width = 0 specifies a char- 
acter one pixel wide and a height = 0 specifies a 
character one pixel high. 


Graphics Processor 
Control and 


Context Registers 


All Control and Context Registers in the Graphics 
Processor can be read from or written into, through 
the Graphics Processor commands DUMP_REG 
and LOAD_REG. Each register is identified by a 9- 
bit Register Id. 


These registers are not directly addressable like the 
registers that are mapped into the 82786's On-Chip- 
Memory (I/O) space, Le., they are accessible only 
through the DUMP_REG 
and the LOAD_REG 


commands. The four user accessible graphics con- 
trol registers are listed below. 


REGISTER 
REGISTER-IO 
REGISTER 


NAME 
(# of bits) 
FUNCTION 


GPOEM 
0003 
( 6) 
Poll Mask 


GIMR 
0004 
( 8) 
Interrupt 
Mask 


GSP 
010C 
(21) 
Stack Pointer 


GCNT 
0015 
(16) 
Character 
Count while 


draWing characters 
in 


bitmap 


The Graphics Processor also has Context Registers, 
which are normally of no use to a user except in the 
event of saving and restoring them during a CPU 
context switch. Any other direct access to these reg- 
isters must be avoided. 


REGISTER 
REGISTER-ID 


NAME 
(lI! of bits) 


GCHOR 
0007 
(2,2)' 


GCHA 
010B 
(21) 
GCA 
0100 
(21) 
GBORG 
010F 
(21) 
GCX 
0010 
(16) 
GCY 
0011 
(16) 
GPAT 
0012 
(16) 
GSPAC 
0013 
(16) 
GN 
0016 
(16) 
GVERS 
0017 
(16) 
GXMAX 
0090 
(16) 
GYMAX 
0091 
(16) 
GXMIN 
0094 
(16) 
GYMIN 
0095 
(16) 
GMASK 
0099 
(16) 
GBGC 
009B 
(16) 


GFGC 
009C 
(16) 


'These 
bits are right justified 
in each 
byte of the word 
in which 
each 
is 


stored. 
Two bits are stored 
in bits 0 and 1, and two bits are stored 
in 
bits 8 and 9; the remaining 
upper 
bits in each 
byte are zeroed. 


Graphics Processor 
Exception 
Handling 


The 
status 
bits 
GPOLL, GRCD, GINT, 
GPSC, 


GBCOV, GBMOV, GCTP, and GIBMD are capable of 
generating an interrupt to the CPU depending upon 
the Interrupt Mask Register (GIMR). If the corre- 
sponding bit in the GIMR is a "0" 
an interrupt is 
generated. If another bit in the Graphics Processor 
Status Register is set before an acknowledgement 
for a previously generated interrupt, then another in- 
terrupt is not generated. Reading the Status Regis- 
ter and the BIU Control Register serves the purpose 
of an Interrupt Acknowledge to the Graphics Proces- 
sor. Reading the Graphics Processor Status Regis- 
ter clears the offending status bit(s) - bits not 
masked out in the Interrupt Mask. If the interrupt is 
generated due to the GPOLL bit, then this bit is not 
cleared on an interrupt acknowledge. However this 
does not generate repeated interrupts. 


The status bits GINT, GPSC, GBCOV, GBMOV, 
GTRP and GIBMD can also cause the Graphics 
Processor to stop its normal instruction fetch/execu- 
tion and enter the POLL state. This is determined by 
the contents of the POLL On Exception Mask regis- 
ter (GPOEM). The GPOEM is 6 bits wide. If the cor- 


responding bit in the GPOEM is a "0", POLL state is 
entered. On entering POLL state, the GECL bit in the 
Opcode (GRO) register is automatically set. When 
the Graphics processor is in POLL state, it can be 
restarted by writing the appropriate opcode into the 
Opcode register (GRO) and writing a zero into the 
GECL bit. The act of clearing the GECL bit also 
causes the status bits that caused the POLL state to 
be cleared. Interrupt generation due to the GPOLL 
bit is enabled on exit from the POLL state. 


The status bit GRCD when set, always causes the 
Graphics Processor to enter the Poll State. The In- 
terrupt and the POLL mechanisms are two indepen- 
dent mechanisms. It is possible for the Graphics 
Processor to issue an interrupt and not POLL, or to 
issue an interrupt and POLL, or not to issue an inter- 
rupt and POLL or do none of them - all depending 
upon the GIMR and GPOEM Registers. 


The ABORT signal causes the Graphics Processor 
to enter POLL state after the execution of the cur- 
rently executing command. 


The two ways to initiate a software ABORT and 
force the Graphics Processor to enter POLL state 
are: 
i) An attempt to write into the Graphics Processor 


Status Register 
ii) An attempt to write into the Graphics Current In- 


struction Pointer. 


Upon RESET, the Graphics Processor immediately 
enters a well defined state. The following events 
take place: 
1. Command execution is halted and the Graphics 


Processor enters POLL state. 


2. The GECL bit of the Opcode register (GRO)is set 


to one to indicate an End of Command List. 


3. All status bits except GPOLL are cleared. GPOLL 


is set. 


4. Interrupt Mask Register (GIMR) is set to all ones 


(disabled). 
5. Poll on Exception Mask register (GPOEM) is set 


to all ones (disabled). 


6. Graphics Processor exits pick mode. 


The Graphics Processor command set is divided 
into the following classes: 


1. Non-Drawing Commands 
2. Drawing Control Commands 
3. Geometric Commands 
4. Bit Block Transfer (BitBlt) Commands 
5. Character Block Transfer (CharBlt) Commands 


inter 


List of Graphics, Processor 
Commands 
(Higher Byte· 
Hex) 


Command 
Opcode 
Command 
Opcode 


LINK 
. 
02 
POINT 
53 
NOP 
03 
LINE 
54 
DEF_TEXTURE-OPAQUE 
06 
L1NE_OE 
, 
55 
DEF_TEXTURE_TRANSPARENT 
07 
RECT 
58 
DEF_CHAR_SET_WORD 
OA 
BIT_BLT 
64 
DEF_CHAR_SET_BYTE 
. 
OB 
ARC_EXCLUSION 
68 
INTR_G EN 
OE 
ARC_INCLUSION 
69 
CALL 
. 


OF 
POLYGON 
73 
RETURN 
17 
POLYLINE 
74 
DEF_BIT_MAP 
1A 
CIRCLE 
8E 
DUMP_REG 
29 
CHAR_OPAQUE 
A4 
LOAD_REG 
34 
CHAR_TRANSPARENT 
A5 
DEF_COLOR 
3D 
CHAR_OPAQUE/REVERSE 
A6 
DEF_LOGICALOP 
41 
CHAR_TRANSPARENT/REVERSE 
A7 
ENTER_PICK 
44 
BIT_BLT_M 
AE 
EXIT_PICK 
45 
INCR_POINT 
B4 
DEF_CLIP _RECT 
, 


46 
HORIZ_L1NES 
BA 
DEF_CHAR_SPACE 
4D 
BIT_BLT_EO 
D4 
DEF_CHAR_ORIENT 
4E 
BIT_BLT_ET 
D5 
ABS_MOVE 
4F 
BIT_BL T_ERO 
D6 
RELMOVE 
52 
BIT_BL T_ERT 
D7 


NOP = No Operation 


LINK = Link to Next Command 


0300h 


0200h 


DUMP_REG 
= Dump Register 


LOAD_REG 
= Load Register 


CALL = Call Subroutine 


2900h 


3400h 


OFOOh 


Dump Address 
Low I Dump Address 
High I 


Load Address 
Low I Load Address 
High I 


Call Addr Low 
I 
Call Addr High 
I 


Register 
10 


Register 
10 


RETURN 
= Return from Subroutine 
1700h 


HALT 
= Enter Poll State 
xx01 h 


DRAWING 
CONTROL 
COMMANDS 


DEF _BIT_MAP 
= Define bitmap 


DEF _CLIP 
_RECT 
= Define Clip 
Rectangle 


1AOOh 
I Origin Addr Low I Origin Addr High I 
Xmax 


4600h 
I 
xmin 
I 
ymin 
I 
xmax 


DEF _COLORS 
= Define Colors 
I 
3DOOh 
IForeground Color I Background Color I 


DEF _TEXTURE 
= Define Texture I0600/0700h I 
Pattern 


Opaque/Transparent 


DEF _LOGICALOP 
= Define 
Logic Operation 


Color Bit Mask I 
Function Code 


(see table below) 


intJ 


FCODE 
FUNCTION 
FCODE 
FUNCTION 


0000 
0 
1000 
CMP (source) AND CMP (dest) 


0001 
source AND dest 
1001 
CMP (source) XOR dest 


0010 
CMP (source) AND dest 
1010 
CMP (source) 


0011 
dest 
1011 
CMP (source) OR dest 


0100 
source AND CMP(dest) 
1100 
CMP (dest) 
0101 
source 
1101 
source OR CMP (dest) 


0110 
source XOR dest 
1110 
CMP (source) OR CMP (dest) 


0111 
source OR dest 
1111 
1 


DEF _CHAR_SET 
= Define Character 
Set 


(Word/Byte 
mode) 


DEF _CHAR_ORIENT 
= Define Char Orientation I 


CODE 
INCREMENT 


00 
o degrees 
01 
90 degrees 
10 
180 degrees 
11 
270 degrees 


DEF _CHAR 
= Define Inter Char and 


Bit Bit GCX Update 
Space 


ABS_MOV 
= Move 


RELMOV 
= Relative 
Move 


ENTEA-PICK 
= Enter Pick Mode 


EXIT_PICK 
= Exit Pick Mode 


4FOOh 


5200h 


4400h 


4500h 


y coordinate 


dy 


POINT = Draw Point 


INCA-POINT 
= Draw Incremental 
Points 


5300h 


B400h 


INC4 
INC3 
INC2 
INC1 
- 
- 
- 
- 
- 
INCN 
INCN-1 
INCN-2 


The upper two bits of the "inc" 
field specify the increment 
for the x coordinate 
while the lower two bits specify 
the increment 
for the y coordinate, 
The encoding 
for the two bits is as follows: 


CODE 
INCREMENT 


00 
0 
01 
+1 
10 
-1 
11 
Unused 


LINE = Draw Une (With End Point! 
I 
5400/5500h 
I 
dx 
I 
dy 
I 
without 
End Point) 


CIRCLE 
= Draw Circle 
I 
8EOOh 
I 
radius 
I 


RECT = Draw Rectangle 
I 
5800h 
I 
dx 
I 
dy 
I 


POLYLINE 
= Draw Polyline 
I 
7400h 
I 
Array Addr Low 
I 
Array Addr High 
I 
N (" 
of lines) 
I 


POLYGON 
= Draw Polygon 
I 
7300h 
I 
Array Addr Low I Array Addr High 
I 
N (# of lines) 
I 


dxN 
dyN 


ARC = Draw Arc 
(Exclusion/Inclusion) 


dxy 
dyl 
deltaX1 


dxN 
dyn 
deltaXN 


SCAN_LINES 
= Draw Series of 
I BAOO/BA01 h I Array Addr Low I Array Addr High 
I N (II of lines) 
I 
Horizontal 
Lines 


BIT _BL 
T = Bit Block Transfer 
within bitmap 


I 
AEOOh 
ISource Addr LowlSource 
Addr Highl 
BIT _BL 
T_M 
= Bit Block Transfer 
. 
. 
. 
- 
. 


across 
bitmaps 
I Source Ymax I Source x coord I Source y coord 
I 


BIT _BL 
T_E 
= Bit Block Transfer 
across 
bitmaps 
(opaque, 
transparent, 
opaque/reverse, 
transparent! 
reverse) 


CHAR = Draw Character 
String 
(opaque, 
transparent, 
opaque/reverse, 
transparent! 
reverse) 


ASOO/A700/ 
ABOO/A900h 


CHARACTER 
STRING 
FORMAT 


Word Mode 
Byte 
Mode 


char1 
char3 


char1 
char2 
char2 
char4 


charN 
charN 
charN-1 


NOTE: 
In byte 
mode, 
the 
character 
code 
01 the 
first 
character 
to be drawn 


must 
reside 
at an even 
address. 


DISPLAY 
PROCESSOR 


Introduction 


The Display 
Processor 
(Display 
Processor) 
is an in- 


dependent 
processor 
responsible 
for controlling 
the 


display 
of video 
data 
on a CRT, 
laser 
printer 
and 


other display devices. 
Its functions 
include 
the gen- 
eration 
of 
horizontal 
and 
vertical 
timing 
signals, 
blanking 
signal and the control 
of 8 Video 
Data out- 


put pins. 


The 82786 can function in two distinct types of 
graphics memory environments - i) using single port 
DRAMs (normal display mode) and ii) using dual port 
video DRAMs (VRAM mode). When the 82786 is 
configured to interface with single port DRAMs, the 
Display Processor uses the BIU to fetch the screen 
parameters and display data from memory. The Dis- 
play Processor then internally shifts the video data 
into the video stream for screen refresh. When con- 
figured to run with VRAMs, the Display Processor 
uses the BIU to load the shift registers in the VRAMs 
at the beginning of every scan line. The screen re- 
fresh is then done by the second port of the VRAMs. 
The BIU and Graphics Processor have the rest of 
the scan line time to access the graphics memory. 


Bltmap Organization 


The Display Processor is optimized to display data in 
packed bitmap form. The Graphics Processor writes 
pixel data in the memory in this form. The Display 
Processor supports display of 1, 2, 4 or 8 bits/pixel 
data, stored in sequential bitmap form, with the first 
(left-hand) pixel to be displayed occupying the Most 
Significant Bit(s) of a word in memory, and subse- 
quent pixels occupying sequentially lower bits in the 
word. Ascending word addresses represent subse- 
quent pixels, moving left to right and top to bottom 
on the screen. 


Windows and Normal Display Mode 


In the normal display mode, Windows may be dis- 
played on the screen in a flexible format. There can 
be up to 16 window segments or tiles appearing on 
any single display line. There is no limit on the num- 
ber of windows vertically (limited by the number of 
scan lines in the active display area). At the basic 
video rate (25 MHz, 8 bpp), these windows may be 
placed 
at 
pixel resolution 
on the 
screen, 
and 
mapped at pixel resolution into the bitmap. Windows 
can be made to overlap, by breaking the windows 
into tiles and assembling the tiles on the screen. 


The Display Processor supports a single hardware 
cursor which may be 8 x 8 pixels or 16 x 16 pixels. 
This cursor may be positioned anywhere on the 
screen with a pixel resolution. The cursor may be 
defined to be transparent or opaque, and may be 
either a block cursor with its hot-spot at the top-left 
of the cursor pattern, or a cross-hair cursor one pixel 
across, stretching the width and height of the screen 
with its hot-spot at the center of the cross. The cur- 
sor color and pattern (shape) are programmable. 
The cursor may be programmed off if not required, 
or to implement a blinking cursor. 


The Display Processor is clocked from an external 
Video Clock. In this mode, the 82786 fetches video 
data from memory into an internal FIFO. An internal 
shift register then generates the serial video data 
stream to the display. The 82786 will support CRT 
screens of up to about 640 x 480 pixels at 8 bits/pix- 
el and 60 Hz non-interlaced, or about 1024 x 640 x 8 
at 60 Hz interlaced. The Display Processor supports 
Interlaced, non-interlaced and interlace-sync dis- 
plays. 


The Display Processor also has higher speed modes 
which enable the user to trade off bits/pixel for dot- 
rate. Thus it is possible to run at a maximum of 8 bpp 
with a 25 MHz dot-rate, 4 bpp at a 50 MHz dot-rate, 
2 bpp at a 100 MHz dot-rate or 1 bpp at 200 MHz 
dot-rate; with corresponding increase in size and 
resolution. Note that in the high speed modes, hori- 
zontal window and cursor placement resolution is re- 
duced to 2, 4 or 8 pixel resolution at 50 MHz, 100 
MHz, or 200 MHz rates respectively. 


In the VRAM mode, the first tile for every scan line is 
used to load the shift register in the VRAMs by exe- 
cuting a data transfer cycle. Subsequent tiles (if any) 
for all strips will still be available through the VDATA 
pins of the 82786. The window status bits can be 
used to internally multiplex the VRAM video stream 
and the 82786 generated video stream. The address 
for this data transfer cycle is determined from the 
Tile Descriptor. The 82786 BEN# pin is used as a 
DT pin for this case. If the graphics memory banks 
are interleaved, then both banks are loaded in the 
transfer cycle. During the Blank period, Default VDa- 
ta appears on the VDATA pins. 


CRT timing signals HSYNC, VSYNC, and BLANK 
are each programmable at a pixel resolution, giving 
a maximum display size of 4096 x 4096 pixels. If 
High Speed, Very High Speed, or Super High Speed 
display modes are selected, the horizontal resolution 
of the CRT timing signals becomes 2 pixels, 4 pixels 
or 8 pixels at 50 MHz, 100 MHz and 200 MHz re- 
spectively. 


The HSync and VSync CRT timing pins may be con· 
figured to serve as Window Status output pins, 
which can be programmed to present a predefined 
code while the Display Processor is displaying a tile. 
This code is programmable as part of the Tile De- 


inter 


scriptoT,and may be used externally to multiplex in 
video data from another source, or select a pallette 
range for a particular window, etc. External logic 
must be used to enable VSync and HSync as CRT 
timing signals when Blank is high, and as encoded 
Window Status signals when Blank is low. This is 
valid in both DRAM and VRAM modes. 


Zoom Support 


The 
Display 
Processor 
allows 
windows 
to 
be 


zoomed in the normal display mode. The zoom fac- 
tor is an integer between 1 and 64. There are inde- 
pendent zoom factors for the x and y direction. The 
zoom function results in pixel replication. 


All zoomed windows on a display are zoomed by the 
same amount. A window is therefore either zoomed 
or not zoomed. Zoom offset is not supported-a 
pix- 


el must either be fully displayed or not displayed at 
all. This places a restriction on window placement- 
a window may not be placed such that a zoomed 
pixel is partially obscured. VRAM displays can be 
zoomed vertically by using this feature. Horizontal 
zooming of VRAM windows requires external hard- 
ware support. 


The CRT timing signal pins may be configured as 
output pins (for the normal stand-alone 82786 sys- 
tem), or as input pins for a system in which multiple 
82786's are ganged in parallel to provide a greater 
number of bits/pixel, higher dot rates, larger display 
area, or more windows. In multiple 82786 systems, 
each of the Display Processors run in lock step, al- 
lowing the individual outputs to be combined on a 
single display. The HSync, VSync and Blank pins for 
the "Slave" 82786 are configured as inputs and are 
driven by the "Master" 82786. 


When programmed as inputs, VSync and HSync still 
serve as outputs for Window Status while Blank is 
inactive. 


The HSync and VSync pins on the 82786 can be 
configured as inputs to synchronize the 82786 to ex- 
ternal video sources (VCR, broadcast TV etc.). In 
this case, the Blank pin is configured as output and 
the active 82786 display period is determined by the 
programmed 82786 parameters. 


Memory Bandwidth 
Requirements 


The memory bandwidth required by the Display 
Processor depends on the display size and mode of 


operation. The 82786 has a 40 Mbyte/sec maximum 
bandwidth during fast block accesses to graphics 
memory. In the normal display mode the Display 
Processor makes use of these fast block reads for 
screen refresh, thereby minimizing its use of the 
memory bus, which the other 82786 modules share. 
For worst-case displays, when the Display Proces- 
sor is running at its maximum speed of 25 MHz and 
8 bits/pixel, about 50% of the memory bandwidth is 
used for display refresh. Correspondingly, at only 1 
bit/pixel the Display Processor's bus requirements 
are reduced to about one-eighth of its requirement 
at 8 bpp. In the VRAM mode, the Display Processor 
does not fetch any of the display data. The display 
data is passed directly from the graphics memory to 
the pixel logic. In this case about 1% of the graphics 
memory bandwidth is required by the Display Proc- 
essor to fetch the Strip Descriptors. 


Display Processor 
Registers 


There are two different register sets for the Display 
Processor. Six of the 82786 Internal Registers are 
dedicated to the Display Processor. These registers 
are memory (or I/O) mapped in the external CPU 
address space. They can therefore be directly ac- 
cessed by the external CPU. Another set of registers 
is totally local to the Display Processor. These are 
the display control registers and are used for display 
parameters. 


There are six of these Registers. They are listed be- 
low: 


, 


Address 
Function 


Base + 40 
Display Processor 
Opcode 


Base + 42 
Param1 


Base + 44 
Param2 


Base + 46 
Param3 


Base + 48 
Display Processor 
Status 


Base + 4A 
Default Video 


The Display Processor Opcode and the three pa- 
rameter registers are used to send a command to 
the Display Processor. The Display Processor Status 
Register contains the status for the Display Proces- 
sor. This is described in more detail later. The De- 
fault Video Register contains the data that appears 


on the Video Out pins during the blanking intervals. 
The CPU can use this register to address an exter- 
nal pallette RAM while loading the pallette, thereby 
eliminating a separate address path and external 
logic. 


Display Control Registers 


The display control registers can be loaded under 
control of the Display Processor during the Vertical 
Blanking interval. This synchronizes parameter up- 
dates with display refresh and ensures that the dis- 
play remains clean, with no updates occurring during 
data display. 


The Display Processor may also be programmed to 
provide a Frame Interrupt once per certain number 
of frames. This may be used to facilitate blinking, 
scrolling, panning, animation or other periodic func- 
tions. 


At the beginning of each Vertical Blanking time, the 
Display Processor checks the ECl bit in the Display 
Processor Opcode Register. If the ECl bit is 1, the 
Display Processor status remains unchanged. If the 
ECl bit is 0, the Display Processor executes the 
command. Only one command is executed per 
frame. 


On completion of the command, the Display Proces- 
sor sets its ECl bit back to 1, indicating to the CPU 
that a new command may be written into the Com- 
mand Register. This handshake prevents the CPU 
from writing a new command before the old one has 
finished executing. The commands for the Display 
Processor are: 
1. load Register 
2. load All Registers 
3. Dump Register 
4. Dump All Registers 


o 
0 
0 
0 
0 
1 
0 
0 
0 
0 
0 
0 
0 WP lP ECl 
MemoryAddresslower 
MemAddrUpper 
RegislerlD 


This command loads a pair of display control regis- 
ters with values stored in memory starting at the lo- 
cation given by Memory Address. The Memory Ad- 
dress must be an even by1eaddress. The Register 
ID for the register pair is given in the register block 


description below. This command may be used to 
update individual pairs of registers (such as the Cur- 
sor Position registers). 


o 
0 
0 
0 
0 
1 
0 
1 
0 
0 
0 
0 
0 WP lP ECl 


MemAddresslower 


MemAddr Upper 


This command loads the entire block of display con- 
trol registers in a block read starting from the Memo- 
ry Address given in the command. The Memory Ad- 
dress must be an even by1eaddress. This command 
must be the first command executed and has to be 
executed after reset to enable the display operation. 
The registers are listed below. 


o 
0 
0 
0 
0 
1 
1 
0 
0 
0 
0 
0 
0 WP lP ECl 


MemoryAddresslower 


MemAddr Upper 


RegislerlD 


This command causes the Display Processor to 
write the contents of the display control register pair 
specified by Register ID to the location in memory 
specified by Memory Address. The Memory Address 
must be an even by1eaddress. 


o 
0 
0 
0 
0 
1 
1 
1 
0 
0 
0 
0 
0 WP lP ECl 


MemAddresslower 


MemAddr Upper 


This command causes the Display Processor to 
write its entire display control register block out to a 
block in memory, starting at the Memory Address 
specified. The Memory Address must be an even 
by1eaddress. The write occurs as a series of single 
write cycles. 


For any of the Display Processor's four commands, 
setting the lP bit to 1 will cause that command to 
execute at the start of each VSYNC period. While in 
loop Mode, the DP does not set the ECl bit back to 
1 at the end of each execution. Exit loop Mode by 
writing 0 to the lP bit. 


The Write Protect bit (WP, bit 2 of the DP opcode 
register) allows the user to write protect the CRT 
Timing parameter registers (Display Control Register 
Block registers 06h-ODh). Write protect is not en- 
abled until after the first DP command has executed. 
This must be a lOAD ALL. Before changing the WP 
bit, the user should exit loop Mode and wait for the 
ECl bit to return to 1. 


The display control 
register 
block is shown 
below, 
Each register 
is 16-bits wide, The numbers 
in parentheses 
are the number 
of bits per parameter. 


o 


C 
0 
C- CsrOn(1); 0- DspOn(1) 
OOh 
VStat: 
01h 
02h 
03h 
04h 
05h 
CRTMode: 


IntMsk 
ITripPt 
Frint-1 


IL - Interlace(2): 
00 - 
Non-Interlace 


01 
- 
Reserved 


10 - 
Interlace 


11 - 
Interlace-Sync 


W - Window Status Enable(1) 
S - HSYNC. VSYNC Slave Mode(1) 
B - Blank Slave Enable(1) 
AA - Accelerated 
Video (High Speed Video, etc,)(2) 


00 - 
Normal (25 MHz) 
01 - 
High Speed (50 MHz) 
10 - 
Very High Speed (100 MHz) 


11 - 
Super High Speed (200 MHz) 


06h 
07h 
08h 
09h 
OAh 
OBh 
OCh 
ODh 
OEh 
OFh 
10h 
11h 
12h 
13h 
14h 
15h 
16h 
17h 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 


H yn 
tp-3 
HFldStrt-3 
HFldStp-3 
LineLen-3 
VSynStp-1 
VFldStrt-1 
VFldStp-1 
FramLen-1 
Descriptor 
Addr. Pointer (L) 
Descriptor 
Addr. Pointer (U) 
Reserved 
YZoom-1 
FldColor 
BdrColor 
1Bpp Pad 
2Bpp Pad 
4Bpp Pad 
CsrPad 


CsrStyle: 
S - CsrSize(1): 
0 - 
8 x 8 Csr 


1 - 
16 x 16 Csr 


X - CsrX-Hair(1) 
T - CsrTransparent(1) 
CSt - CursorStatus 
(to Window Status output)(2) 


CSC - CursorStatusControl(2): 
00 - 
Current Window 
Status 


01 
- 
Foreground 
10 - 
Background 
11 - 
Block 


inter 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 


Csr 
osX- 


CsrPos Y-1 
CsrPatO 
CsrPat1 
CsrPat2 
CsrPat3 
CsrPat4 
CsrPat5 
CsrPat6 
CsrPat7 
CsrPat8 
CsrPat9 
CsrPatA 
CsrPatB 
CsrPatC 
CsrPatD 
CsrPatE 
CsrPatF 


The 
functions 
of the 
preceding 
registers 
are 
de- 


scribed 
in more detail below: 


O. VStatCsrOn(1) 
DspOn(1) 


If set, the internally 
generated 
display 
or cursor 


are turned 
on. 


1.lntMsk 


Interrupt 
Mask Register. This register enables 
an 


82786 
interrupt 
whenever 
the corresponding 
bit 


in the Display Processor 
Status Register 
is set. A 


o for any bit enables 
the interrupt. 
This Interrupt 


Mask is different 
from the Interrupt 
Mask for the 


Graphics 
Processor. 
If using interrupts, 
mask bit 


5 of this register. 


2. TripPt 


The 
Trip 
Point 
register 
is a reserved 
field 
and 


must be programmed 
to OOh. 


3. Frint 


Frame 
Interrupt 
Register. 
Enter 
the 
number 
of 


frames 
minus one elapsed 
between 
successive 


setting of the FRINT bit in the Display Processor 
Status 
Register. 


4. Reserved 
field should 
always 
be set to zJro. 


5. CRTMode 
- 
IL(2) W(1) S(1) B(1) AA(2) 


These bits control 
the various 
modes of the CRT 


Controller. 


IL are the Interlace 
Control 
bits-if 
IL is 00, the 


display 
is Non-Interlaced. 
If IL is 10, the display 


is Interlaced 
(displaying 
the even lines (Field 
1) 


of the frame and then the odd lines (Field 2)). If 
IL is 11, the display 
is interlace-sync 
(similar to 


interlace, 
except 
that 
the 
odd 
field 
display 
is 


identical 
to the even field display). 


W is the Window 
Status 
Enable 
bit. If W is 0, 


HSYNC 
and VSYNC will have normal operation. 


If W is 1, the Window 
Status Code programmed 


into the Tile Descriptors 
will be output on VSYNC 


and HSYNC 
pins while display 
data for that par- 


ticular window 
is being displayed. 
VSYNC 
repre- 


sents the MSB and HSYNC the (SB 
of the Win- 


dow Status Code. 


S is the HSYNCIVSYNC 
Slave Mode bit. If S is 


0, the VSYNC and HSYNC pins are outputs. 
If S 


is 1, they are inputs. 
In the Slave 
Mode, 
if Win- 


dow Status 
is enabled, 
HSYNC 
and VSYNC 
will 


still be outputs 
while BLANK 
is low. 


B is the 
Blank 
Slave 
Mode 
bit. 
If B is 0, the 


BLANK 
pin is an output. 
If B is 1, it is an input. 


NOTE: 
Always 
program 
the 
slave 
82786 
first, 
then 
the 


master. 
The 
slave 
VSYNC, 
HSYNC, 
and 
BLANK 


pins must be held high until they are programmed. 


AA are the Accelerated 
Video 
Mode 
bits. By using 


an external 
latch 
or shift 
register, 
50, 
100 or 200 


MHz video data rates can be generated. 
In the Ac- 


celerated 
Video 
Modes, 
each 
memory 
by1e repre- 


sents 
2, 4 or 8 physical 
pixels. 
The upper 
bit(s) of 


each 
by1e represent 
the pixels 
that 
appear 
on the 


left on the display 
medium. 
Used in DRAM 
display 


mode. 
Must be programmed 
to zero for the first tile 


in the VRAM 
Mode. 


6. HSynStp 


Enter the HSYNC 
width 
in number 
of VClks 
mi- 


nus 3. (For a graphical 
representation 
of all the 


CRT timing signals, 
see Figure 3). 


inter 


7. HFldStrt 
Enter the number of VClks minus 3 between the 
rising edge of HSYNC and the falling edge of 
BLANK (the start of Video Data). 


8. HFldStp 
Enter the number of VClks minus 3 between the 
rising edge of HSYNC and the rising edge of the 
next BLANK (the end of Video Data). 


9. LineLen 
Enter the number of VClks minus 3 between the 
rising edge of HSYNC and the rising edge of the 
next HSYNC. 


10. VSynStp 
The 
number 
of 
Horizontal 
Synchronizations 
(HSYNCs) between the beginning of Vertical 
Synchronization 
(VSYNC) 
and 
the 
end 
of 
VSYNC. 
Enter VSYNC width as the number of HSYNC 
periods minus one. In the non-interlaced mode, 
VSYNC rises and falls on the rising edge of 
HSYNC. In interlaced and interlace-sync mode, 
VSYNC has the same timing as in non-interlace 
mode at the start of each Even Field (lines 0, 2, 
4, etc), but is delayed by half LineLen at the start 
of each Odd Pield (lines 1, 3, 5, etc). (See Figure 
3.) 
11. VFldStrt 
Enter the number of HSYNCs minus one be- 
tween the beginning of VSYNC and the end of 
Vertical Blanking. 


12. VFldStp 
Enter the number of HSYNCs minus one be- 
tween the beginning of VSYNC and the begin- 
ning of the next Vertical Blanking. 
13. FramLen 
Enter the number of HSYNCs minus one be- 
tween the beginning of VSYNC and the begin- 
ning of the next VSYNC. 
14. Descriptor Address Pointer (L) 
The address of the first Strip Descriptor for the 
display. After fetching the first descriptor the Dis- 
play Processor uses the Link Address in the de- 
scriptor to fetch the next descriptor. The De- 
scriptor address must be an even byte address. 
15. Descriptor Address Pointer (U) 
The most significant bits of the Descriptor Ad- 
dress Pointer. 


16. Reserved field should always be set to zero. 


17. ZoomX, ZoomY 
Enter the x-zoom factor minus one and y-zoom 
factor minus one for the zoomed windows. The 
zoom factor can be any integer number between 
1 and 64. In the VRAM mode, ZoomX is not 
used unless additional logic is added. 


18. Field Color 
An 8-bit value indicating the color of the back- 
ground field to be displayed in the absence of 
windows. 


19. Border Color 
Af) 8-bit value indicating the color of the border 
to be displayed inside selected windows. 


20. 1Bpp Pad 
An 8-bit value where the upper 7 bits represent 
the upper 7 bits of video data concatenated to 
the 1 bit video data from a 1 bit/pixel bitmap. 


21. 2Bpp Pad 
An 8-bit value where the upper 6 bits represent 
the upper 6 bits of video data concatenated to 
the 2 bit video data from a 2 bit/pixel bitmap. 


22. 4Bpp Pad 
An 8-bit value where the upper 4 bits represent 
the upper 4 bits of video data concatenated to 
the 4 bit video data from a 4 bit/pixel bitmap. 


23. CsrStyle:S(1) X(1) T(1) CSt(2) CSC(2) CsrPad 


The Cursor Mode Register. The Cursor Pad is an 
8-bit value where the upper 7 bits are the higher 
7 bits for the cursor color. 
Cursor Style: S is the size bit. If S is 0 an 8 x 8 
pixel cursor will be displayed. If S is 1, a 16 x 16 
pixel cursor will be displayed. 
X is the CrossHair Mode bit. If X is 0, a block 
cursor will be displayed. The pattern for the cur- 
sor is specified in the Cursor Pattern registers. 
The cursor hot-spot is at the top-left of the cur- 
sor block. If X is 1, a crosshair cursor will be 
displayed. Its hot-spot is at the center of the 
cross, and it will stretch the full height and width 
of the display. 
T is the Transparent Mode bit. If T is 0, the cur- 
sor is opaque. Its forground color is determined 
by the concatenation of the cursor padding bits 
(7 MSB's) with 1. The background color is deter- 
mined by the concatenation of the cursor pad- 
ding bits with O. If T is 1, the cursor background 
reverts to whatever bitmap data is being dis- 
played "behind" the cursor. 
CSt is the Cursor Status. The code to be output 
onto the Window Status outputs while the Cursor 
is being displayed. 


inter 


CSC is the Cursor Status Control (2 bits). The 
cursor status may be output whenever the cur- 
sor foreground color is being output, whenever 
the cursor background color is being output, or 
whenever the cursor block is active, whether it is 
displaying background color or foreground color 
or transparent pixels (useful for inverse video), 
or else the cursor status may default to the cur- 
rent Window Status. The code is shown in the 
Display Control Register Block. 
CsrPad: Cursor padding bits. 
24. CsrPos X 
This is the Cursor X-Position Register-the 
posi- 


tion of the cursor hot-spot relative to the begin- 
ning of the line (the rising edge of the previous 
HSYNC). Enter the value minus 2. 


25. CsrPos Y 
This is the Cursor V-Position Register-the 
posi- 


tion of the cursor hot-spot relative to the begin- 
ning of the frame (the beginning of the previous 
VSYNC). Enter the value minus one. 


26. CsrPatO:F 
These 16 registers contain the pattern to be dis- 
played as a cursor. CsrPatOis the top row of the 
cursor, and the MSB is the left bit of the cursor. 
For an 8 x 8 cursor, the cursor pattern used is 
the higher byte of the first eight cursor registers. 


HFLDSTP 


I 
I 


(HSYNCSTRT) 
HFLDSTRT 


I 
HS~CSTP 
I 


HSYNC~ 
I 


BLANK------ 


(HORIZ) 
-----------.. 
- 
VSYNSTP 
r-----:---:------.,--- 
-VFLDSTRT 


LlNELENI 
(VSYNCSTRT) 


Figure 3. Timing Parameters 


NOTE: 
In slave video 
mode, 
at least a 1-line vertical 
front 
porch 
and a 7-line vertical 
back porch 
are required. 


The CPU creates Strip Descriptors in memory that 
describe windows for the Display Processor. The 
Strip Descriptors are organized as one Descriptor 
per strip of window segments (tiles) as shown in Fig- 
ure 4. Each Descriptor contains information for the 
tiles within that strip in the order they are displayed 
on the screen (left to right). The Descriptor for a 
particular strip must be contiguous in memory. The 
Strip Descriptors for several strips are linked to each 
other in the order they are displayed (top to bottom). 


The linking is done through the Link to Next Strip 
Descriptor parameters in each Descriptor, which 
points to the following Descriptor. The Descriptor for 
the first strip is accessed during the VBlank interval, 
using an address specified by the Descriptor Ad- 
dress Pointer, one of the Display Control Register 
pairs. 


The Strip Descriptor consists of a header followed 
by one or more Tile Descriptors. The header and 
Tile Descriptors must occupy one contiguous block 
in memory. 


inter 


The format of the Window Strip Descriptors is: 


15 
14 
13 
12 
11 
10 
9 


Number of Lines in Strip-1 
Link to Next Strip Descr. (L) 
Link to Next Strip Descr. (U) 
Number of Tiles in Strip-1 
Bitmap Width 
Mem Start Address (L) 
Mem Start Address (U) 
Bpp 
I 
StartBit 
Fetch Count (bytes- 2) 
WSt 
I 


NOTE: 
The first tile of any scan line must be greater than 1 pixel. 


Bitmap Width 
Mem Start Address (L) 
Mem Start Address (U) 
Bpp 
I 
StartBit 
Fetch Count (bytes-2) 


The Strip Descriptor Header is programmed with val- 
ues for the number of display lines minus one and 
the number of tiles in the strip minus one. There may 
be any number of lines in a strip, up to the number of 
lines on the display (within their restrictions imposed 
by zoom, if used). In DRAM mode there may be up 
to 16 tiles within a single strip. In the VRAM Mode 
the first tile is used to load the VRAM shift register, 
leaving up to 15 tiles to be used by the Display Proc- 
essor. The header also contains Link to Next Strip 
Descriptor parameters. 


NOTE: 
The number of tiles that may be displayed on a 
scan line is system dependent. Any number of tiles, 
up to the maximum of 16, can always be displayed 
if the following conditions are met: 


- 
The minimum tile width is 158 pixels (for 8Bpp 
tiles) 


- 
For accelerated systems, the minimum tile width 
is 158 pixels x acceleration factor 


There is no limit on the width of the last tile of a scan 
line. 


You must only define in the strip descriptors the 
number of scan lines that will actually be displayed. 
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The C bit (the most significant bit) in the Number of 
Tiles in Strip parameter tells the DP to color the dis- 
play area following the current strip with FldColor 
data or link to the next strip. If the C bit is set to one, 
the DP colors the remainder of the display with the 
background color defined in the FldColor Register of 
the Display Control Register Block. If the C bit is 
zero, the DP links to the next strip. 


Each Tile Descriptor contains the following parame- 
ters: 
1. Bitmap Width-the 
width of the bitmap in bytes. 
This must be an even byte address. Bitmap Width 
is added to the Memory Address for each scan 
line in the window (each HSync period within the 
strip) to get the start address of the next display 
line (if y-zoom inactive or counted out). In case of 
interlaced displays, the Memory Address is incre- 
mented by twice the bitmap width. In the VRAM 
Mode, the bitmap width of the first tile must be a 
power of 2 and must be less than the maximum 
width of the VRAM shift register. 
2. Memory Start Address-the 
memory address for 


the window. This is an even byte address, corre- 
sponding to the address of the first word of bit- 
map data for the window tile (top left corner). In 
the VRAM mode the start address for the first tile 
must guarantee that the entire scan line is con· 
tained in a single row of the VRAM. 
3. Bpp- The number of bits/pixel in the current win- 
dow-must 
be programmed to 1, 2, 4, or 8 in the 


normal mode. In the VRAM mode this field should 
be zero. 


4. StartBit- The bit position in the corresponding 


memory word for the first bit of the first pixel in the 
window. Gives bit resolution to the Memory Start 
Address (and pixel resolution to the start of the 
window). In the normal mode this must be pro- 
grammed to be consistent with the Bpp defined 
for that window. In the VRAM mode, this must be 
programmed to zero for the first tile. 
5. StopBit- The bit position in the corresponding 


memory word for the last bit of the last pixel in the 
widow. Gives bit resolution to the window width. In 
the normal mode this must be programmed to be 
consistent with the Bpp defined for that window. 
An illegal value will result in incorrect display. In 
VRAM mode, this must be programmed to zero 
for the first tile. 


6. Fetch Count-In 
the DRAM mode, this specifies 


the number of bytes minus two from the bitmap to 
be fetched for each scan line in the current win- 
dow tile. This must be an even quantity. The value 
programmed in this field is 2 less than the number 
of bytes to be fetched rounded off to the next 
higher even number. In the VRAM mode, this 
must be programmed to zero for the first tile. 


7. TBlR-Border 
Control Bits-When 
a bit is set to 


one, it turns on the border on Top, Bottom, left or 
Right of window tile. This is a four bit field with 
one bit controlling each border. The most signifi- 
cant bit controls the top border and the least sig- 
nificant bit controls the right border. All four bits 
must be programmed to zero for the first tile in 
VRAM Mode. 


8. WST-Window 
Status (2 bits)- The code to be 


presented on the Window Status pins while the 
window is being displayed. 


9. PC-IBM 
PC Mod&-Indicates 
that this window is 


being displayed from a bitmap created in IBM PC 
format. The Display Processor supports the IBM 
Color Graphics Adapter bitmap format in which 
the least significant byte of a word appears on the 
left of the most significant byte on the screen as 
opposed to the 82786 format in which the least 
significant byte appears to the right of the most 
significant byte. Also, the 2-bank and 4-bank bank 
oriented bitmaps used in the PCand PCjr systems 
are supported. These modes enable bitmaps cre- 
ated by IBM PCor PCjr (or compatible) systems to 
be upward compatible with 82786 displays, with 
the PC format bitmaps being displayed either as 
the whole screen, or as windows on a screen to- 
gether with 82786 created bitmaps. The PC mode 
bitmaps can be zoomed or used with interlaced or 
accelerated displays. In the VRAM mode, this 
field must be programmed to zero for the first tile. 
Note that although the Display Processor can dis- 
play bitmaps created in these formats, the Graph- 
ics Processor always draws bitmaps in 82786 for- 
mat. The vertical mapping of IBM format bitmaps 
is restricted in that the Memory Start Address of 
an IBM format window must be in the first of the 2 
or 4 banks. 


00 -+ 82786 Mode 
01 -+ Swapped Byte Mode 
10 -+ Swapped Byte, 2 banks 
11 -+ Swapped Byte, 4 banks 


Bitmap formats in 82786 and PC Modes are shown 
below: 


Pixel # (from left as displayed on screen): 


o 
1 2 
3 
4 
5 
6 
7 e 
9101112131415 


PC Mode 


Bit # 


10. Z-Zoom- 
This bit if set, indicates that in the 
normal display mode the 
window 
is to 
be 
zoomed 
using 
the 
zoom 
parameters 
pro- 
grammed into the ZoomX and ZoomY registers. 
11. F-Field- 
This bit if set, indicates that the win- 
dow tile is background field. In the normal mode 
the field color is displayed for the window. The 
number of pixels of Field to be displayed should 
be programmed into what would normally be the 
Bpp, StartBit, StopBit fields. This bit must be set 
to zero for a the first tile in the VRAM mode. 


If the Strip Descriptor list causes a window to be 
displayed that extends beyond the active display 
area, then only the upper left hand portion of the 
window is displayed and the rest of it is truncated. 


In interlace mode, in order to maintain a line resolu- 
tion on vertical positioning of windows, a double- 
length Descriptor Table must be used. The first part 
contains window position information for the even 
lines, the second part for the odd lines. Also note 
that in interlace mode, one frame takes two fields to 
display. 
Command 
execution 
occurs 
at 
frame 
boundaries, not field boundaries, so the instruction 
execution frequency will typically be 25/30 Hz in- 
stead of the non-interlaced 50/60 Hz. 


The Display Processor is reset during the main 
82786 reset process. Upon reset it enters a well de- 
fined reset state described below: 
1. Any command execution is immediately halted. 
2. Parameter, Descriptor, or Display Data fetches 
are terminated. 
3. Display Outputs VDATA7:0 are all reset to default 
video. 


4. HSync, VSync, Blank are tristated (Display Proc- 
essor defaults to Slave Operation). These stay tri- 
stated until the first lOAD..-All 
instruction. 


5. Display Processor Status Register is cleared. 
6. Display Processor Interrupt Mask to set to all 1's 
(all interrupts disabled). 
7. ECl bit is set to 1. 


Display Processor 
Interrupts, 
Status 
Register and Exception 
Handling 


The Display Processor Status Register is an 8-bit 
memory (or I/O) mapped register which indicates 
the current status of the Display Processor, and al- 
lows the generation of interrupts depending on the 
state of individual bits. Interrupts may be masked off 
using the Display Processor Interrupt Mask Reg- 


ister. The format of the Display Processor Status 
Register is: 


ADDRESS 
5 
4 
3 


Display Processor 
Status Register 


The functions of each bit, and the action taken in the 
case of exceptions is described below: 


FRI-Frame 
Interrupt. This bit is set every n frames, 


where n is a value between 1 and 256 loaded into 
the Frint Register. This may be used, for example, 
for timing in animation applications, or to time blink 
rates. 


RCD-Reserved 
Command. This bit is set if the Dis- 


play Processor does not recognize the Opcode it 
has been instructed to execute. The Display Proces- 
sor will not execute the command. 


FMT-FIFO 
Empty. This indicates that the Display 


FIFO has underrun. This forces an End of Line con- 
dition and the rest of the Display Line will display the 
FldColor defined in the Display Control Register 
Block. At the beginning of HBlank, the Display Proc- 
essor uses the current Descriptor to start a new Dis- 
play Data fetch. A FIFO underrun therefore does not 
necessarily mean that the whole field is lost-just 
the current display line is corrupted. 


BlK-Blank. 
This indicates that the BLANK pin is 


currently active for Vertical Sync. 


EVN-Even 
Field. In Interlace and Interlace-Sync 


modes, this bit is set during the even field (Field 1). 


ODD-Odd 
Field. In Interlace and Interlace-Sync 


modes, this bit is set during the odd field (Field 2). 
The Even and Odd status bits assist in synchronizing 
the 82786 with other interlaced display systems. 


ECl-End 
of Command List. This is set at the same 


time the ECl bit in the Opcode Register is set, and 
allows the Display Processor to inform the CPU as 
soon as it has completed execution of a command. 
In loop Mode, the ECl bit is not set. It will be set 
upon exiting loop Mode. 


All active interrupts are OR'ed together to drive a 
single 82786 interrupt line. Once set, the interrupt 
line remains active until the Status Register is read. 
The active bits in the Status Register (bits with 0 in 
the corresponding bit in the Interrupt Mask) are reset 
to zeroes after the Status Register is read. 
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The 82786 implements 
several special modes of op- 
eration 
beyond 
normal 
use to aid in debug, 
charac- 
terization 
and 
production 
testing. 
When 
RESET 


goes inactive, 
the RD and WR pins are sampled. 
If 


either 
of these 
two 
pins is low, one of the special 


test modes 
is enabled 
according 
to the state of RD, 
WR and MIO pins. 


A 16-bit 
Linear 
Feedback 
Shift 
Register 
signature 


analyzer 
is placed 
on the Video output 
bus to com- 


press the video data stream 
into a single 
signature 


that is output 
onto the Video Data pins during Blank 


time. The signature 
is also readable 
by the CPU at 


the end of a Frame using the Dump_Reg 
command 


at Register 
10 3D. This' signature 
analyzer 
output 


onto the VDAT A lines is activated 
in DP Test Mode. 
Once 
in DP Test 
Mode, 
the 
signature 
Analyzer 
is 


enabled 
by setting 
bit 14 of the DP Opcode 
register 


to 1. 


The 82786 
implements 
three global pin conditioning 


features. 
Specifically, 
the 82786 can drive all output 


and I/O pins high, or low, or can tristate 
all pins. The 


test modes 
are activated 
according 
to the following 


table: 


RD# 
WR# 
MIO 
Mode 


0 
0 
0 
Reserved 


0 
0 
1 
Reserved 


0 
1 
0 
DP Test Mode 


0 
1 
1 
Drive Output Pins High 


1 
0 
0 
Drive Output Pins low 


1 
0 
1 
Tristate 
Pins 


1 
1 
X 
Normal Operation 


NOTE: 
All timing 
numbers 
in the parametric 
section 
are preliminary 


and are subject 
to change. 


VOL/VOH Pin Conditioning 


The 82786 
has the capability 
to bring all its output 


pins to a constant 
logic high or low state. This fea- 


ture can be used for testing the output buffers on the 
82786. 


The 82786 has the ability to tristate 
all of its I/O and 


output pins to effectively 
isolate the 82786 from any 


connected 
circuitry. 
This allows testing 
a completely 


assembled 
PC board 
by isolating 
the 82786. 
leak- 


age on all I/O pins can also be tested 
in this mode. 


Storage Temperature 


Operating 
Temperature 


Voltage VCc-Vss 


Voltage on Other Pins 


- 65°C to + 150°C 


O°C to 70°C 


- 0.5V to + 6.5V 


-0.5V 
to VCC + 0.5V 


I 
Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


VILC 
Input low 
Voltage 
-0.5 
+0.8 
V 
ClK 
Input 


VIHC 
Input High Voltage 
+2.0 
VCC + 0.5 
V 
ClK 
Input 


VILVC 
Input low 
Voltage 
-0.5 
+0.8 
V 
VCLK Input 


VIHVC 
Input High Voltage 
+3.9 
VCC + 0.5 
V 
VCLK Input 


VIL 
Input low 
Voltage 
-0.5 
+0.8 
V 
All Other Pins 


VIH 
Input High Voltage 
+2.0 
VCC + 0.5 
V 
All Other Pins 


VOL 
Output 
low 
Voltage 
- 
+0.45 
V 
All Pins 
IOL = 2.0 mA 


VOH 
Output High Voltage 
+2.8 
- 
V 
All Pins 
IOH = -400 
J-LA 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


III 
Input leakage 
Current 
- 
±1 
IJ-A 
o <VIN 
<Vee 


ILO 
Output leakage 
Current 
- 
±10 
IJ-A 
0.45 <VIN 
<Vee 


Ice 
Power Supply Current 
- 
200 
mA 
@O·CTemp 
ClK@20MHz 
VelK 
@25MHz 


CLOCK and RESET Timings 
AC timings are referenced 
to 1.5V on clock input and 0.8V /2.0V 
on other pins 


Symbol 
Parameter 
Mln 
Max 
Units 
Notes 


Tc 
ClK Period 
50 
200 
ns 
@ 1.5V 


TCl 
CLK Low Time 
20 
- 
ns 
@ 1.5V 


TCH 
CLK High Time 
20 
- 
ns 
@ 1.5V 


TCR 
CLK Rise Time 
- 
10 
ns 
@0.8V-2.0V 


TCF 
CLKFallTime 
- 
10 
ns 
@0.8V-2.0V 


TR1 
Test Input Setup Time 
10 
- 
ns 


TR2 
Test Input Hold Time 
5 
- 
ns 


TR3 
Reset Active Hold Time 
25 
2Tc 
ns 


TR5 
Reset Inactive Hold Time 
10 
- 
ns 


TR6 
Reset Active Setup Time 
10 
- 
ns 


TR7 
Forced Output Delay 
30 
- 
ns 


TR8 
Reset Width 
10Tc 
- 
ns 


AC timings 
are referenced 
to 0.8V/2.4V 
on all pins and are valid for total 
DRAM 
capacitance 
on each 
pin 


between 
30 pF and 200 pF 


Symbol 
Parameter 
Mln 
Max 
Units 


TRC 
Single Cycle Time 
6Tc-5 
- 
ns 


TRAcl1) Access Time from RAS # 
- 
4 TC - 
30 - 
0.050 CR 
ns 


TCAcl1) Access Time from CAS# 
- 
2 TC + TCH - 
20 - 
0.050 Cc 
ns 


TCAA(1) Acc Time from Col Addr 
- 
3 TC - 
20 - 
0.075 CA 
ns 


TOAcl1) Access Time from BEN # 
2Tc 
- 
25 - 
0.050Ca 
ns 


TRP 
RAS# 
Precharge Time 
2Tc-10 
- 
ns 


TRAS 
RAS# Width 
4 TC - 
30 - 
0.025 CR 
- 
ns 


TRCO 
RAS # to CAS # Delay 
Tc + TCl - 
25 + 0.050Cc 
- 
0.050CR 
- 
ns 


TRSH 
RAS# Hold Time 
2 Tc + TCH -15 + 0.025 CR - 
0.050 Cc 
- 
ns 


TCSH 
CAS# 
Hold Time 
4 Tc - 
15 + 0.025 Cc - 
0.050 CR 
- 
ns 


intJ 


Symbol 
Parameter 
Mln 
Max 
Units 


TCAS 
CAS# Width 
2 TC + TCH - 
10 - 
0.025 Cc 
- 
ns 


TASR 
Row Address Setup Time 
Tc -10 
+ 0.075 CR - 
0.075 CA 
- 
ns 


TRAH 
Row Address Hold Time 
TC - 
25 + 0.075 CA - 
0.050 CR 
- 
ns 


TASC 
Column Addr Setup Time 
TCl - 
17 + 0.075 Cc - 
0.075 CA 
- 
ns 


TCAR 
Col Addr Setup to RAS# 
3Tc 
-10 
+ 0.025CR 
- 
0.075CA 
- 
ns 


TOFF 
Data in Hold Time 
10 
- 
ns 


Taov 
BENO# to BEN1 # Overlap 
0 
- 
ns 


Symbol 
Parameter 
Min 
Max 
Units 


TRWl 
WE # to RAS # Lead Time 
Tc - 
16 + 0.025 CR - 
0.050 Cw 
- 
ns 


TWCH 
WE # Hold Time 
3 TC -15 
+ TCH + 0.025 Cw - 
0.050 Cc 
- 
ns 


Twp 
WE# Width 
2Tc 
- 
20 - 
0.025Cw 
- 
ns 


TCWl 
WE # to CAS # Lead Time 
Tc - 
15 + 0.025 Cc - 
0.050 Cw 
- 
ns 


Tos(W) 
Data Out Setup Time 
Tc -15 
+ 0.075 Cw - 
0.075 Co 
- 
ns 


TOH 
Data Out Hold Time 
TC - 
20 + 0.075 CD - 
0.050 Cw 
- 
ns 


Symbol 
Parameter 
Mln 
Max 
Units 


TRWC 
RMW Cycle Time 
8Tc-5 
- 
ns 


TOS(RW) 
Data Out (RMW) 
TCH - 
20 + 0.075 Cw - 
0.075 CD 
- 
ns 
Setup Time 


TOH 
Data Out (RMW) 
Tc - 
10 + 0.075 CD - 
0.050 Cw 
- 
ns 
Hold Time 


TOFF(RW) Data In Hold/Data Out 
10 
TCl + 5 + 0.075 CD - 
0.075 Ca 
ns 
(RMW) Drive Time 


Symbol 
Parameter 
Mln 
Max 
Units 


Tpc 
Page Mode Cycle Time 
4 Tc - 
5 
- 
ns 


Tcp 
CAS # Precharge Time 
Tc+TCl-15 
- 
ns 


TCAS 
CAS*, Width 
2Tc 
+ TCH - 
10 - 
0.025Cc 
- 
ns 


TCAH(n) 
Col Addr Hold (Non Interleaved) 
3 TC + TCH - 
20 + 0.075 CA - 
0.050 Cc 
- 
ns 


TOS(n) 
Data Out Setup (Non Interleaved) 
TC + TCl - 
20 + 0.075 Cc - 
0.075 CD 
- 
ns 


TOH(n) 
Data Out Hold (Non Interleaved) 
2Tc 
+ TCH - 
10 + 0.075 Co - 
0.050Cc 
- 
ns 


TCAH(j) 
Col Addr Hold (Interleaved) 
TC + TCH - 
20 + 0.075 CA - 
0.050 Cc 
- 
ns 


TOS(i) 
Data Out Setup (Interleaved) 
TCl - 
25 + 0.075 Cc - 
0.075 CD 
- 
ns 


TOH(j) 
Data Out Hold (Interleaved) 
Tc + TCH - 
10 + 0.075 Co - 
0.050Cc 
- 
ns 


intJ 


Symbol 
Parameter 
Mln 
Max 
Units 


Tpc 
Fast Cycle Time 
2Tc-5 


. 
- 
ns 


Tcp 
CAS # Precharge Time 
TCl -15 
- 
ns 


TCAS 
CAS# Width 
Tc+ TCH-10-0.025 
Cc 
- 
ns 


TCM(1) Col Address Access Time 
2Tc-15-0.075CA 
ns 


TCAd1) CAS # Access Time 
Tc+ TCH-15-0.050 
Cc 
ns 


TCAP(l) Access Time from Col Precharge 
2 Tc-25-0.075Cc 
ns 


TOAC(i) Access Time from BEN # (Interleaved) 
TC-25-0.050CB 
ns 


TCAH(n) Col Addr Hold (Non Interleaved) 
Tc+ TCH-20+0.075 
CA-0.050 
Cc 
- 
ns 


TOS(n) 
Data Out Setup Non Interleaved) 
TCl - 25 + 0.075 Cc - 0.075 Co 
- 
ns 


TOH(n) 
Data Out Hold (Non Interleaved) 
Tc+ TCH-10+ 
0.075 Co-0.050 
Cc 
- 
ns 


TCAH(i) Col Addr Hold (Interleaved) 
TCH-20 
+ 0.075 CA-0.050 
Cc 
- 
ns 


TOS(i) 
Data Out Setup (Interleaved) 
TCl -25 
+ 0.075Cc-0.075Co 
- 
ns 


TOH(i) 
Data Out Hold (Interleaved) 
TCH-10+0.075 
Co-0.050 
Cc 
- 
ns 


Symbol 
Parameter 
Mln 


.. 
. 


Max 
Units 


TOTR 
DT High to RAS# 
High Setup 
Tc - 
10 + 0.025 CR - 
0.075 CB 
- 
ns 


TOTH 
DT High from RAS# High Hold 
Tc - 
10 + 0.075 CB - 
0.075 CR 
- 
ns 


TROH 
DT low from RAS# low Hold 
3 TC - 
10 + 0.025 CB - 
0.050 CR 
- 
ns 


TOlS 
DT low to RAS # low Setup 
Tc - 
10 + 0.075 CR - 
0.050 CB 
- 
ns 


TCOH 
DT low from CAS # low Hold 
Tc + TCH -10 
+ 0.025CB 
- 
0.050Cc 
- 
ns 


TOTC 
DT High to CAS # High Setup 
Tc - 
10 + 0.025 Cc - 
0.075 CB 
- 
ns 


MASTER 
MODE TIMINGS 
Cl = 100 pF on all output pins 


AC timings are referenced 
to 1.5V on clock input and 0.8V /2.0V on other pins 


Symbol 
Parameter 
Mln 
Max 
Units 


TM1A(2) 
ClK 
to MEN Delay 
- 
40 
ns 


TM1B(3) 
HlDA 
to MEN Delay 
- 
45 
ns 


TM2A(2) 
elK 
to A21:0, MID, RD#, 
WR#, 
BHE# 
Drive 
- 
40 
ns 


TM2B(3) 
HlDA 
to A21:0, MID, RD#, 
WR#, 
BHE# 
Drive 
- 
45 
ns 


TM3 
HREQ, MEN Inactive Delay 
- 
45 
ns 


TM4 
A21 :0, 015:0 Float Delay 
- 
40 
ns 


TM5 
Async HlDA 
Setup 
5 
- 
ns 


TM8 
Read Data Setup Time 
10 
- 
ns 


inter 


MASTER 
MODE TIMINGS 
CL = 100 pF on all output pins 
(Continued) 
AC timings are referenced 
to 1.5V on clock input and O.SV12.0V on other pins 


Symbol 
Parameter 
Mln 
Max 
Units 


TM9 
Read Data Hold Time 
10 
- 
ns 


TM10 
READY Setup Time 
20 
- 
ns 


TM11 
READY Hold Time 
5 
- 
ns 


TM12 
Command 
Valid Delay 
- 
35 
ns 


TM13 
Address 
Valid Delay 
- 
40 
ns 


TM14 
Write Data Valid Delay 
- 
40 
ns 


TM15 
Write Data Hold Time 


. 


40 
- 
ns 


TM16 
Sync HlDA 
Setup: 
01 
5 
- 
ns 


TM17 
Sync HlDA 
Setup: 
02 
20 
- 
ns 


TM18 
ClK 
to HREQ Delay 
35 
ns 


SLAVE 
INTERFACE 
TIMINGS 
CL = 100 pF on all output pins 


AC timings are referenced 
to 1.5V on clock input and O.SV12.0V on other pins 


Symbol 
Parameter 
Mln 
Max 
Units 


TS1 
Active 
Input Setup 
5 
- 
ns 


TS2 
Active 
Input Hold Time 
10 
- 
ns 


TS3 
Inactive 
Input Setup 
5 
- 
ns 


TS4 
Inactive 
Hold Time 
10 
- 
ns 


TS14 
Active Command 
Width 
2Tc + 30 
- 
ns 


TS16 
A21 :0, MID, CS II, SHE II Hold Time 
2Tc + 30 
- 
ns 


TS17 
A21:0, MID, CSI1, 
SHEil 
Delay 
- 
Tc - 
20 
ns 


TS18 
SEN Active Delay 
0 
35 
ns 


TS19 
Write Data Delay 
0 
2Tc 
- 
25 
ns 


TS20(4) 
Write Data Hold (Memory Write) 
3 Tc + TOH + 30 
- 
ns 


TS20 
Write Data Hold (Int. Write) 
4Tc 
- 
ns 


TS21 
SEN Inactive Delay 
0 
45 
ns 


TS22(5) 
Read Data Delay (Memory 
Read) 
0 
(Note 5) 
ns 


TS22 
Read Data Delay (Int. Read) 
0 
Tc + 40 
ns 


TS23 
Read Data Hold 
5Tc-15 
- 
ns 


TS24(6) 
RD/WR 
to SEN Delay (Mem Write) 
4 Tc + 20 
- 
ns 


TS24(6) 
RD/WR 
to SEN Delay (Int. Write) 
4 Tc + 20 
- 
ns 


TS24(6) 
RD/WR 
to SEN Delay (Mem Read) 
5 Tc + 20 
- 
ns 


TS24(6) 
RD/WR 
to SEN Delay (Int. Read) 
7Tc + 35 
- 
ns 


TS25 
SEN Width (Write Cycle) 
4 Tc - 
25 
4 Tc + 35 
ns 


TS25 
SEN Width (Read Cycle) 
5Tc 
- 
25 
5Tc + 35 
ns 


-mer 


VIDEO 
INTERFACE 
CL = 50 pF on all output pins 


AC timings are referenced 
to 1.5V on clock input and 0.8V /2.0V 
on other pins 


Symbol 
Parameter 
Min 
Max 
Units 
Notes 


TvCYC 
VCLK Cycle Time 
40 
- 
ns 
@ 1.5V 


TVCL 
VCLK Low Time 
19 
- 
ns 
@ 1.5V 


TVCH 
VCLK High Time 
19 
. 


@ 1.5V 
- 
ns 


TVDL 
Delay VCLK to Output Valid 
0 
25 
ns 


TVDH 
Output Valid Hold from VCLK 
4 
- 
ns 
@ 1.5V 


TvS 
Input Setup Time 
5 
-- 
ns 


TVH 
Input Hold Time 
8 
- 
ns 


NOTES: 
1. Subtract transceiver delay from these number for xl devices. 
2. Valid for asynchronous interface or for synchronous interface when TM16 is satisfied. Synchronous interface requires 
same clock and reset input for 82786 and 80286. 
3. Valid for synchronous interface when TM16 is not satisfied. 
4. TS20 (memory write) is dependent on DRAM specs. 
5. TS22 (memory read) is dependent on DRAM specs. This is the maximum of: 


i)TRAC - Tc + 10 
ii)Tc 
- 
TCH + TCAC+ 10 
iii) Tc - 
TOAC+ 10 
, 


6. TS24 numbers mentioned above are the absolute minimum values for a synchronous 80286/82786 type interface (or 
synchronous 80186/82786 interface with WT = 0). Add Tc to get corresponding minimum number for an asynchronous 
interface. Add Tc for 80186 interface with WT = 1. Typical delay from Command to SEN active will be greater than the 
minimum value, depending on level of activity of the 82786 and priority for external access. 


RASx 


CASx 
ORAx 
WEx 


8ENx 


OATx 


OTHER OUTPUTS 


TTTTTTT 


inter 


TEST CODE • 


10110, RD, WR 


MODE SELECT•• 
SHE,MIO 


TR7X 
TR7:X 


------------ 
-----O-U-T-PU-T-ST-A-S-L-E-.- ••--- 
ALL OUTPUTS 
FORCEDVALID 
231676-5 
'Test code sampled at end of 01 preceding falling edge of RESET 
"Mode 
select sampled at end of 02 preceding falling edge of RESET 


"'RD, 
WR, SHE, MIO, A21:0, 015:0, BLANK, HSYNC, VSYNC-TRISTATEO 


MEN, SEN, HREQ, INTR-LOW 
CASx, RASx, WEL, WEH, BEN,.-HIGH 
ORA8:0, VOATA7:o-lndeterminate 


2.4V 


INPUTS 
O•• SV 


\.._----------- 


inter 


________________ 
J 


, 
J 


DRA9:0 :x: 
X 
_ 


TOFr<ro>f 


READ 
DATA 


intJ 


~ 


231676-14 


intJ 


RASX 
,------------------------------- 


___ TO_H(_"'J:::::::::x:: 


TC~C 
TOAC(I) 
TCAA 
____________ 
~- 
~TC"P 
Torr 


015:0 
• ------ 


231676-16 


RASX 
,------------------------------ 


__________ 
T_CD_H_=F_ 
T_~~_~_C 
_ 


01 


ClK -X 
/' 


~TMI8 


HREQ 


A21:0. 
RD.WR. 
MIO.BHE 


015:0---------------04 


ADDRESS j 


TM8 
TIo49 


----------- 
DATA 
IN I 
- 
--------------- 
TM14 
TM15 


READ 


CYCLE· 
- - 
- 
- - - - 
- - 
- - 
015:0 


WRITE 
CYCLE 
DATA OUT 
I 
DATA 
OUT j 


015:0 
TM10J-i 
r;.TIo411 
TM10--1 
,j:;TMll 


READY \\\\\\\\\\\\\\\\\\\\\~'Li\\\\\\\\\\\\\\1 
\\\\\\\ I 


02 
01 TS 02 
01 TC02 
01 


RD,:LR~~T51 
T52 
JS3TS4 
~ 


CS,MIO 
-------- 
A21:0:::::::E T51.'-T52~::::::::::::::::::::: 


SHE------'c",=L ", 
}::::::::::::::::: 
5EN 
l==_- 
__ -_-_-_-_-_-_-_-_-_-_-_T_52_4_-_-_ 
-_-_-_-_-_---i-~----- 


RD,WR. 
MIO 


5EN--------------------i 
~ 


IlIO, Cs, 


BHE, A21:0 


WRITE CYCLE 


SEN 


READ CYCLE 


SEN 


INTERNAL 
READ 
015:0 


OUTPUTS: 


VSYNC, 
HSYNC 
BLANK, 
VDAT7:0 


INPUTS: 


VSYNC, 
HSYNC 
BLANK 


This 82786 datasheet, version -003, contains up- 
dates and improvements to the previous version. A 
revision summary is listed here for your conve- 
nience. 


- 
Loop Mode Added 
- 
Write Protect Added for CRT Timing Registers 


- 
VDATA Signature Analyzer Added 


The sections that are new or significantly altered 
are: 


L1NE-OE 


CHAR_OPAQUE 


CHAR_TRANSPARENT 


BIT_BLT_EO 


BIT_BLT_ET 


BIT_BL T_ERO 


BIT_BL T_ERT 


The following list represents other documentation 
updates: 
1. A paragraph was added to the "Graphics Memory 


Interface" section restricting the height of DRAMs 
used in systems supporting master mode. 


2. Display Processor Trip Point is no longer pro- 


grammable. 
3. A sentence was added to the "Clipping Rectan- 


gle" section stating that character clipping is sup- 
ported for word mode. 


4. A note was added to the "Display Control Regis- 


ter Block" section on slave sync 82786s. 


5. A note was added to the "Windows" section dis- 


cussing the number of tiles that may be displayed 
on a given scan line. See 82786 User's Manual, 
Rev. 003, for more details. 


6. D.C. Specs-VIHVC changed to 3.9V 
7. A.C. Spec changes made. 


inter 
APPLICATION 
NOTE 


A Low Cost and High Integration 
Graphics System Using 82716 


VIREN SHAH 
APPLICATIONS 
ENGINEER 


The role of graphics in personal computers and engi- 
neering workstations is becoming increasingly impor- 
tant. Lately, the graphics software which support sepa- 
rate windows for separate tasks have made multitasking 
an attractive feature on the PCs. To support this fea- 
ture, the system must handle windows efficiently. 


Windowing and graphics make very heavy demands on 
processing power. If a main processor in a PC or graph- 
ics workstation is used to move information around on 
the display, the response time becomes unacceptably 
slow. While keeping the system cost low, the YSDD 
solves this problem by supporting hardware windows 
and providing other additional features on chip. 


The purpose of this application note is to familiarize the 
reader with the 82716 YSDD (video storage and dis- 
play device) operation. This note will guide the reader 
in designing a text and graphics system. This document 
is intended as a supplement to the YSDD data sheet 
and user's manual. 


The YSDD is aimed at applications needing a low cost 
and highly integrated color graphics controller for both 
bit-mapped and alphanumeric displays. The chip's high 
level of integration allows designers to build graphics 
systems with a very low chip count thus improving the 


reliability of their equipment. The system designed in 
this note needs only 7 components 
besides YSDD. 


YSDD's high integration and low cost makes it ideal 
for compact, low cost video displays found in home 
computers, home information systems and industrial 
and commercial monitoring equipments. The chip also 
supports videotex standards such as NAPLPS, TELE- 
TEL, PRESTEL, and CAPTAIN. 


The YSDD has the following features: 


• Manages up to 16 bit-map and character objects. 


• On chip 16/4096 color palette. 
• On chip DRAM controller. 
• Up to 640 x 512 pixel resolution. 
• Extremely simple interface to Intel 8 bit and 16 bit 


CPUs. 


• On chip D/ A converters. 
• Low chip count display controller. 
• Analog or digital video outputs. 
• Up to 5l2K bytes of display memory. 
• 2, 4, or 8 bits/pixel. 
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Figure 1. VSDD Block Diagram 


5-78 


The VSDD can control up to 16 simultaneous win- 
dows. It can change the position and contents of any 
window independently. This allows easy scrolling and 
animation. It interfaces easily to 8088 and 8086 family 
microprocessors without glue logic. The chip controls 
CRT monitors with up to 640 x 512 x 4 resolution. The 
on chip DRAM controller manages up to 512K bytes 
of display RAM. A pair of pixel buffers-each 
can hold 


640 pixels at 4 bits/pixel-help 
speed up the operation 


by providing a continuous video data output stream. 


The VSDD also integrates a color lookup table (storing 
16 colors from a possible 4096), three 4 bit D/ A con- 
verters and a programmable sync and timing generator. 
A microprocessor, its program ROM, DRAMs and a 
VSDD will complete a workstation-less 
than 10 chips 


in all. The VSDD also provides digital video outputs. 8 
bits/pixel digital output combined with external color 
look up table and DACs can provide 256 colors. The 
VSDD supports overlapped objects. Transparent win- 
dows too are supported by the display controller. 


The screen image is constructed 
from various user- 


specified objects residing in the VSDD's display memo- 
ry (mapped into the processor's address space). Figure 


2 shows how the CPU's address space is mapped onto 
the VSDD's space. The data window in the CPU space 
maps onto the data segment in the VSDD space and the 
register window maps into the register segment. The 
CPU uses these windows to access the display RAM. 
The register segment length is fixed at 32 bytes. But the 
data window length can vary from 4K bytes up to 64K 
bytes. The 512K bytes of display memory can be 
thought of as 8 banks of 64K bytes each. The CPU can 
access only one bank at a time. But all the eight banks 
are accessible via memory mapping, thus allowing it 
effectively to access all of 512K bytes. 


Pixels are taken directly from the memory for display 
on the screen. Characters are constructed using user- 
defined RAM-based character generators. The VSDD 
takes the object data from its memory, buffers it and 
runs it through the color look-up table and D/ A con- 
verters to produce video signals. These signals then 
drive the display. 


There are two segments in the display memory-the 
data segment and the register segment. The data seg- 
ment contains the actual object data, window attributes 
such as object's position on the screen, object's width, 
etc., access table, color look up table and two character 


VSOD 
BYTE-ADDRESS 
SPA.CE 


generators ..The access table contains the vertical posi- 
tion and priority of each object. The data segment can 
be placed anywhere within the external 512K byte dis- 
play RAM. 


Information on the system's configuration is kept in a 
32-byte register segment, which always begins at hexa- 
decimal address 0ססoo in the display DRAM. 
The 
VSDD reads the register segment once per frame to 
update its on-chip registers. The register segment stores 
the size and speed of DRAM, the raster parameters and 
the base addresses of the other tables stored in the data 
segment. Figure 3 shows the register segment. 


R15 


R14 


R13 


R12 


R11 


R10 


R9 


R8 


R7 


R6 


R5 


R4 


R3 


R2 


R1 


RO 


DRAM 
Loc. 


Horiz.Constant 3 
Vert. Constant 3 
1EH 


Horiz.Constant 2 
Vert. Constant 2 
1CH 


Horiz.Constant 1 
Vert. Constant 1 
1AH 


Horiz.Constant 0 
Vert. Constant 0 
18H 


Access Table Base Address Counter 
16H 


Character Base Address 
14H 


Color Table Base Address 
12H 


Access Table Base Address 
10H 


Object Descriptor Table Base Address 
OEH 


PriorityAccess Quantity 
OCH 


Data Segment Base Address 
OAH 


Data Length Mask 
08H 


Data Window Base Address 
06H 


Register Window Base Address 
04H 


Video Configuration Register 1 
02H 


Video Configuration Register 0 
OOH 


The CPU programs the data segment and the register 
segment. After these segments are initialized the VSDD 
assumes control of the CRT and controls refresh of the 
DRAM. This relieves the CPU of maintaining the dis- 
play thus considerably increasing the performance of 
the graphics system. 


The chief purpose of this application note is to show the 
user how to program data and register segments by de- 
scribing a specific design example. 


In this design, the VSDD is used to display 3 bit- 
mapped objects and one character object on the screen. 
Hardware 
is very simple and compact. Only seven 


chips besides the VSDD are needed to build the system. 
80186 (8 MHz) is used as the CPU. 4 DRAMs (64K x 
4) give a total display memory of l28K bytes. This 
much memory can support a resolution of 640 x 400 at 
4 bits/pixel. No glue logic is needed between the 80186 
and the VSDD for the bus interface. The display used is 
an IBM color monitor. The digital video outputs are 
used to drive the monitor through 
the line drivers 


(74LS244). The VSDD generates active low VSYNC 
and HSYNC. Since the IBM color monitor needs active 
high VSYNC and HSYNC, the VSDD generated sync 
signals are inverted (74LS368). By using PAL for the 
random logic in this design the total chip count for this 
graphics system can be reduced to seven including the 
VSDD. Appendix E shows the circuit schematics. 


The VSDD and the register segment must be initialized 
before a display can be obtained. The RESET pin on 
the 82716 is active high. It is a high impedance input to 
a Schmitt Trigger. On power up, RESET should be 
held active long enough to allow the VSDD system os- 
cillator (on XTALIN) to start, and then be held for a 
minimum of 20 clock periods with the oscillator run- 
ning. 


RESET puts the 82716 into a special initialization 
mode. When RESET goes low, the device commences 
generating refresh cycles to the external DRAM. The 
CPU should not try to access the DRAM for at least IO 
fJosafter RESET has been released. The status of the 
device at this time is as follows: 


Control 
Reset 
Effect 
Bit 
Value 


TMM 
0 
Single Mode 
TMS 
0 


DEN 
0 
No Display 


DEI 
0 
Analog Mode 


MAS 
0 
Sync pins are in 
high impedance 


RE 
0 
CPU can access 
DRAM 


only to write to it 


PCE 
0 
Priority Access Mode disabled 


FAE 
0 
RDY pin emits Ready signal 


EVC 
0 
Video clock is from XTALINsignal 


DEN = 0 means no display is being generated. DEI = 
o means the device is in the analog mode, and, since 
DEN = 0, the R, G, B, and 0 pins are emitting retrace 
black. 


MAS = 0 configures the sync pins in high impedance 
state. EVC = 0 would normally configure the CKIO 
pin as an output, but in the initialization mode CKIO is 
in a high impedance state. 


The device comes out of reset with the following default 
values for the screen constants: 


HCO = 1 
HSYNC 
4.0 
Width = 32 XTALIN periods 
IJ-s 


HC1 = 2 
AHZ 
6.0 
Start Time = 48 XTALIN periods 
IJ-s 


HC2 = 5 
AHZ 
12.0 
Stop Time = 96 XTALIN periods 
IJ-s 


HC3 = 8 
HSYNC 
18.0 
Period = 144 XTALIN periods 
IJ-s 


VCO = 1 
VSYNC 
36.0 
Width = 2 lines 
IJ-s 


VC1 = 2 
AVZ 
54.0 
Start Time = 3 lines 
IJ-s 


VC2 = 3 
AVZ 
72.0 
Stop Time = 4 lines 
IJ-s 


VC3 = 7 
VSYNC 
144 
Period = 8 lines 
IJ-s 


This is called the "fast frame" mode. Its main purpose 
is to give the PSG something to work with that is not 
contradictory (such as HCO > HC3) until the CPU has 
written the correct ,values into DRAM. The timings 
listed assume a 125 nsec clock (8.0 MHz) at XTALIN. 


Most important to the initialization procedure are the 
reset values of the Register and Data Windows: 


Register Window Base Address: OO4OOH 
Data Window Base Address: (undefined) 


The first access must be a write cycle to Register ROat 
OO4OOH.In the first write cycle the CPU should pro- 
gram the DRAM 
configuration bits DSI, DSO and 
DOF for 64K x 4 DRAMS employed in this desigu. 


This first write cycle should leave DEN and UCF at O. 
UCF (Update Control Flag) should be left clear till the 


entire Register Segment has been initialized, lest the 
device "update" 
its on-chip control bits with random 


data. 


After the first write, the CPU can continue to initialize 
the Register Segment by writing to the Register Win- 
dow addresses, OO4OOHthrough 004IFH. All this in- 
formation is mapped by the VSDD into its register seg- 
ment from OOOOOHto OOOIFH.Excpet for the control 
bits written into RO, the values as written do not take 
effect as long as UCF = O. 


After the Register Segment has been completely initial- 
ized, one more write cycle is directed to RO to set UCF 
to I, while holding DEN = o. The CPU now waits I 
frame time (144 IJ-s,in the "fast frame" mode). At the 
end of the frame time in progress, during the FRAM- 
ESTOP sequence, the VSDD will be flagged by UCF = 
I to update its internal registers from the Register Seg- 
ment in DRAM. Further access to the Register Seg- 
ment by the CPU must be through the newly defined 
Register Window. 


Now, through the newly defined Data Window, the 
CPU can commence initializing the display data. The 
DEN flag in RO should be set(l) after the display data 
is loaded in the DRAM. This bit will then enable the 
display. 


At the beginning the CPU programs RO at OO4OOHas 
follows: 
' 


DEN 
RO 
011 
00000 
011 
1 
0 
0 
DEN and UCF are set to zeroes. 


UCF 
o 
6072H 


After the Register Segment is completely initialized, 
CPU sets the UCF bit by writing to RO. 


RO 
011 
00000 
011 
1 
0 
0 
1 
1 
6073H 


The VSDD would now update its on-chip control regis- 
ters with the data programmed by CPU in the Register 
Segment. 


The CPU then programs the display data through the 
data window,. After the data has been written into 
memory, the CPU enables the display by setting DEN 
bit. 
RO 
011 
00000 
011 
1 
0 
1 
1 
607BH 


The register segment is programmed as follows to ob- 
tain a display shown in Figure 4. The VSDD reads the 
register segment on every frame to update its on-chip 
registers. The reader should refer to the user's manual 
for description of the bits in the register segment. See 
Appendix A for horizontal and vertical sync constants. 
The VSDD DRAM is word addressable while the CPU 
address space is byte addressable. 
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AP·268 


REGISTER 
SEGMENT 
(Continued) 


CPU 
DRAM 
WORD 
REGISTER 
CONTENTS 
COMMENTS 
ADDR 
ADDR 
0006H 
00003H 
R3 
0000 
00 0101000 
000 
0140H 
DWBA 
00000 
A 16 Should be low 
Screen 
0101000 
111 
= Rt edge of the screen is at 
Boundary 
X=327 
0008H 
00004H 
R4 
1 
0000 
00000000000 
8000H 
Length Mask 
10000 
64K byte data window 
OOOAH 
00005H 
R5 
0000 
0000 
0000 
0000 
OOOOH 
Data 
Segment 
Base 
516-512 
00000 
Bank 0 
Bank Select Bits 
00 
OOOCH 
00006H 
R6 
0000 
0000 
0000 
1010 
OOOAH 
PAQ 
1010 
CPU is allowed 
10 DRAM 
accesses 
during line building 
OOOEH 
00007H 
R7 
0000 
0101 
0000 
0000 
0500 H 
ODTBA 
0500H 
Object descriptor 
table starts at 
0500H in bank 0 
0010H 
00008H 
R8 
0000 
0000 
0010 
0000 
0010 H 
ATBA 
0010H 
Access table starts at 001 OH in bank 0 
0012H 
00009H 
R9 
0000 
0001 
1000 
0000 
0180H 
CTBA 
0180H 
The color table is not used in this 
design. The space is reserved 
for future use. 
0014H 
OOOOAH 
R10 
0000 
0000 
0010 
0011 
0023H 
CGBAO 
0010 
Char gel) 0 starts at 2000H in 
bank 0 
CGBA2 
0011 
Char gen 1 starts at 3000H in 
bank 0 
0016H 
OOOOBH 
R11 
0000 
0000 
0010 
0000 
Access table address counter 
= 
access table base address 
(initially) 
= 0010H 
0018H 
OOOOCH 
R12 
000001 
0000000010B 
HCO 
HSYNC Width 
= 4 /Ls 
VCO 
VSYNC Width 
= 
198 /Ls 
001AH 
OOOODH 
R13 
000100 
0000100100B 
HC1 
AHZ Start = 
10 /Ls 
VC1 
AVZ Start = 2.5 ms 
001CH 
OOOOEH 
R14 
011101 
0011101100 
HC2 
AHZ Stop = 60 /Ls 
VC2 
AVZ Stop = 16.17 ms 
001EH 
OOOOFH 
R15 
100000 
0011110100 
Hori. sweep rate = 66 /Ls 
Vert. sweep rate = 
16.67 ms 


NOTE: 
See Appendix I on how to program registers R12-R15. 
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3.0 THE DATA SEGMENT 
The first entry in the table corresponds to the topmost 
line on the screen and so on. Each entry indicates to the 
The actual object data and the different tables are 
VSDD which objects are to be present on this line of 
stored in the data segment by the 80186. There are 5 
the display. If a bit is set (1), then there is no change in 
tables in the data segment: The access table, the object 
the objects display status; that is, if the object did not 
descriptor table, the color lookup table and two charac- 
appear on the previous line, it will also not appear on 
ter generators. Since digital outputs are used to drive 
this line. If the object's access flag is set to zero, then 
the monitor in this design, the color lookup table is left 
the display status is reversed from what it was on the 
blank. 
previous line. The VSDD assumes that at the beginning 
of a frame all objects are turned off (I's). 


3.1 Access Table 
The access table for the screen in Figure 4 is shown in 
the following pages. The screen has 400 x 200 resolu- 
The access table contains the vertical start and end lo- 
tion. There are 200 entries in the table for 200 vertical 
cations of each object. The table begins at the locations 
lines on the screen. Object 0 starts on line I and ends at 
designated by access table base address register, R8, in 
line 75. Bit 0 is set to zero at line I to turn the object 0 
the register bank. Each entry in the table contains 16 
on and again set to 0 at line 76 to turn the object off. 
bit~ch 
bit representing one object. Bit number 0 
Note that the 80l86's address space is byte addressable 
has the lowest priority and bit number 15 the highest. 
and the VSDD's space is word addressable. 


Ib151b141b131b121b111b10lb91b81b71b61b51b4lb31b21b1 IbOl 


Figure 5. Access Table Word 


ACCESS 
TABLE 


CPU 
DRAM 
ACCESS 
FLAGS 


WORD 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
ADDR 
ADDR 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


0020H 
00010H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
Line 1 
0022H 
00011 H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0024H 
00012H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0026H 
00013H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0028H 
00014H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
002AH 
00015H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
002CH 
00016H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
002EH 
00017H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0030H 
00018H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0032H 
00019H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 10 
0034H 
0001AH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0036H 
0001BH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0038H 
0001CH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
003AH 
0001DH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
003CH 
0001EH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
003EH 
0001FH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0040H 
00020H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0042H 
00021H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0044H 
00022H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0046H 
00023H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
Line 20 
0048H 
00024H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Turn on the 
004AH 
00025H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
character 
004CH 
00026H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
object 
004EH 
00027H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0050H' 
00028H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0052H 
00029H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0054H 
0002AH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0056H 
0002BH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0058H 
0002CH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


5-84 
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ACCESS 
TABLE 
(Continued) 


CPU 
DRAM 
ACCESS FLAGS 
WORD 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
ADDR 
ADDR 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


005AH 
0002DH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 30 


005CH 
0002EH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
005EH 
0002FH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0060H 
00030H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0062H 
00031H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0064H 
00032H 
1 
1 
1 
1 
, 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0066H 
00033H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0068H 
00034H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 37 


0070H 
00035H 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 38 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
1 
1 
Line 71 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
(Turn off the 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
character object) 


00B4H 
0005AH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 74 


:-a. r 


CPU 
DRAM 
ACCESS 
FLAGS 


WORD 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
ADDR 
ADDR 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


OOB6H 
0OO5BH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
Line 76 (Turn off 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Obj.O) 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
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1 
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1 
1 
1 
1 
1 
1 
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1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


OOFEH 
0OO7FH 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 111 


"'''''''~-.:J~I""W 
•••• 
\VV'nlll 
••••••• 
~' 


CPU 
DRAM 
ACCESS 
FLAGS 
WORD 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
ADDR 
ADDR 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


00100H 
00080H 
1 
1 
1 
1 
1 
1 
1 
Line 112 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
Line 115 (Turn 


1 
1 
1 
1 
1 
1 
1 
on Obj. 1) 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
Rectangle 
1 
1 
1 
1 
1 
1 
1 
Line 120 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
Object 
#1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
Line 125 
' 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
Line 130 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
i 
1 
1 
1 
1 
1 
Line 134 


1 
1 
1 
1 
1 
1 
0 
Line 135 (Turn 


1 
1 
1 
1 
1 
1 
1 
off Obj. 1) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
0 
1 
Line 140 (Turn 


Horizontal 
Line 
1 
1 
1 
1 
1 
1 
1 
onObj.2) 


Object 
#2 
1 
1 
1 
1 
1 
0 
1 
Line 142 (Turn 
1 
1 
1 
1 
1 
1 
1 
off Obj. 2) 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
- 1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 151 


Up to 200 Lines 


intJ 
AP-268 


ACCESS 
TABLE 
(Continued) 


CPU 
DRAM 
ACCESS 
FLAGS 


WORD 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
b 
ADDR 
ADDR 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
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1 
1 
1 
1 
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1 
1 
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1 
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1 
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1 
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1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
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1 
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1 
1 
1 
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1 
1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
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1 
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1 
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1 
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1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 


1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
1 
Line 200 


5-88 


inter 


This table contains a 4-word object descriptor field for each object in the display. The table starts at the location 
specified by the OBTBA register, R7. This field specifies the base address of the object in the RAM, horizontal 
position, its width and other attributes. The descriptor fields for bit-map and character objects are shown in Figure 6. 


Bltmapped 


N: Current Object Entry Address 
N15-NO 


Character 


N: Current Object 
Entry Address 
HI 


Objects are rectangular windows on the screen. The object data begins in the display RAM at the object base address 
specified in the object descriptor field. The length of the data file depends on the objects height, width and resolution. 
The width is specified in 4-word units by the "W" field. In this design a 4 bits/pixel specification is chosen. Hence, 
each 4-word unit represents 16 pixels. Objects 0 in Figure 4 is 6 x four word wide, that is 96 pixels wide. The object 
descriptor field and object data for each of the objects in Figure 4 are as follows: 


CPU 
ADDR 


Fill 75 Lines on the Screen 
with One Color 
DRAM 
WORD 
ADDR 


0000011000000000 
C/S = 0 
R1RO = 11 
017,016 = 00 
OSL = 0 
SLA = 0 
TOE = 0 
C1CO = 00 
000110 0000000000 
WIDTH: 
000110 


X 0000000000 


0600H 
Sit mapped 
object 
4 bits/pixel 
Object is in bank 0 
No blinking 
Object is not turned off 
Non transparent 
pixels 


Don't care for 4 bits/pixel 


6 four word wide 
= 96 pixels wide 
Object starts at the left 
edge of the screen 


0001 0000 0000 0000 
Object base address 
0001 0000 0000 0000 
Current object entry 


inter 
AP-268 


OBJECT 
DATA 


OBJECT 
0 


OBJECfBASE 
ADDR = OlOOOH 
CPUADDR 
DRAM WORD ADDR 
PIXEL DATA 
2000H 
01000 
8888H 
Line 1 
2002H 
01001 
8888H 
2004H 
01002 
8888H 
2006H 
01003 
8888H 
2008H 
01004 
8888H 
24 Words = 96 Pixels 
01005 
8888H 
wide 
@ 4 bits/pixel 


01006 
8888H 
01007 
8888H 
01008 
8888H 
01009 
8888H 
0100A 
8888H 
01008 
8888H 
0100C 
8888H 
01000 
8888H 
0100E 
8888H 
0100F 
8888H 
01010 
8888H 
01011 
8888H 
01012 
8888H 
01013 
8888H 
01014 
8888H 
01015 
8888H 
01016 
8888H 
202EH 
01017 
8888H 
End of Line 1 


OBJECT 0 DATA 
CPUADDR 
2060H 


OBJECT 
1 DESCRIPTOR 
FIELD 
RECTANGLE 


CPU 
ADDR 


DRAM 
WORD 
ADDR 


OAOCH 
OAOEH 
00506H 
00507H 


DRAM WORD ADDR 
01030H 


016FOH 
016F1H 
016F2H 
016F3H 
016F4H 
016F5H 
016F6H 
016F7H 
016F8H 
016F9H 
016FA 
016FB 
016FC 
016FD 
016FE 
016FG 
01700 
01701 
01702 
01703 
01704 
01705 
01706 
01707 


20 SCAN LINES/ 
16 PIXELS WIDE 


0000 
0 11 00 00 00 00 
C/B = 0 
R1RO = 11 
017,016 
= 00 
OBL = 0 
BLA = 0 
TOE = 0 
C1CO = 00 
000001 
0000010100 
WIDTH = 000001 


"X = 0000010100 
OOOl 0111 
0000 
1010 
0001 
0111 
0000 
1010 


PIXEL DATA 
8888H 


8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 
8888H 


0600H 
Bit Mapped Object 
4 Bits/Pixel 
Object in bank 0 
No Blinking 
Object is not turned off 
Non-transparent 
pixels 


Don't care 


1 Four word wide 
= 16 Pixels wide 
Objects 
starts at X = 20 


Object base addr 
0170AH 


Current obj. entry 0170AH 


"NOTE: 
When HAS = 1, unit displacement in X direction moves the object by 2 pixels. Thus the object 1 will start at pixel number 
40. 


OBJECT 
1 DATA 
CPUADDR 
2E14 


OBJECT 
2 DESCRIPTOR 
FIELD 


HORIZONTAL 


CPU 
ADDR 


DRAM 
WORD 
ADDR 


OA10H 
OA12H 
00508H 
00509H 


OA14H 
OA16H 
0050AH 
0050BH 


DRAM WORD ADDR 
01070H 


0170EH 
0170FH 
01710H 
01711 H 


01756H 
01757H 
01758H 
01759H 


2 SCAN LINES/ 
240 PIXELS WIDE 


0000 
011 
00 00 00 00 
001111 
00001 
00 
11 0 
WIDTH = 001111 


x = 38 


0001 
0111 
0110 
0000 
0001 
0111 
0110 
0000 


PIXEL DATA 
7777H 
7777H 
7777H 
7777H 
7777H 
7777H 
7777H 
7777H 


Line 2 
Line 2 
Line 2 
Line 2 


7777H 
7777H 
7777H 
7777H 


15 four word wide 
= 250 pixels wide 


Obj base addr. 01760H 
Current obj entry 
= Obj base address 
(Initially) 


inter 


OBJECT 
2 DATA 
CPUADDR 
DRAM WORD ADDR 
PIXEL DATA 
2ECOH 
01760H 
5555H 
Line 1 


5555H 
5555H 
5555H 
5555H 
5555H 
60 Words 


5555H 


0179C 
5555H 
Line 2 


5555H 
5555H 


2FAEH 
01707 
5555H 


OBJECT 
3 DESCRIPTOR 
FIELD 


TEXT 
50 SCAN LINES/ 
16CHARACTERS WIDE 


CPU 
DRAM 
WORD 
CONTENTS 
ADDR 
ADDR 


OA18 
0050CH 
1010 
1 10 0 0 0 0 0 0 100 
Y: Slice No. = 1010 
C/B = 1 
R1RO = 10 
CRS = 0 
PSE = 0 
FAD = 0 
OBL = 0 
BLA = 0 
HCR = 0 
TOE = 1 
CICO = 00 
OA1A 
0050DH 
000010 
0001010000 
WIDTH = 000010 


X = 0001010000 
OA1C 
0050EH 
0001 
0111 
1101 
1010 
OA1FH 
0050FH 
0001 
0111 
1101 
1010 


Start Slice Number 
Character 
Object 


8 Pixels/Character 
Character 
Generator 
0 


Monospace 
Characters 


1 Byte/Character 
No blinking 
Object is not turned off 
Don't care 
Transparent 
pixels 


Default color bits 


2 four word wide 
= 16 characters 
wide 


Object starts at X = 80 
Object Base Address 
017DAH 


Current Object Entry 
017DAH 


inter 
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OBJECT 
3 DATA 
CPUADDR 
DRAMADDR 
ASCII CODE 
2FB4 
017DA 
5620 
Line1 
017DB 
4449 
017DC 
4F45 
0110D 
5320 
0110E 
4F54 
017DF 
4152 
017EO 
4547 
017E1 
2020 
2FC4 
017E2 
2020 
Line2 
017E3 
2020 
2020 
4E41 
2044 
2020 
2020 
2020 
2FD4 
017EA 
4420 
Line3 
5349 
4C50 
5941 
4420 
5645 
4359 
2045 
2FE4 
017F2 
2020 
Line4 
2020 
2020 
2020 
3238 
3137 
..( 
2036 
2020 
2FF4 
017FA 
2020 
Line5 
2020 
2020 
4E49 
4554 
204C 
2020 
2020 


character generator as shown in Figure 7. Individual 
slices are addressed by concatenating the four bits of 
the character 
generator base address with the slice 


number Z and the ASCII code itself. Slice number 0 is 
the bottom scan line for the character and slice number 
H-l is the top line. Each slice is encoded as a sequence 
of pixel bits. If a pixel bit is 1, then the pixel is given the 
foreground color. If the bit is 0, the pixel is displayed in 
background color. This is shown in Figure 8. 


The pixel data for characters are stored in one of 2 
character generators in the display RAM. Character 
generator 0 is used in this design. The base address of 
character generator 0 as obtained from RIO, is 02000H 
in bank o. Character height as defined in RI is 10 scan 
lines. The character set 0 consists of 10 blocks of 256 
words each. Block No.1 contains the 1st slice of each 
of 256 characters, block 2 has the 2nd slice of all the 
256 characters and so on. In this example, 26 alphabets 
and 10 numerals are defined. The VSDD addresses 


Figure 9 shows how the pixels are encoded for charac- 
ter "F" (ASCII code = 46H). 


SLICE 


SLICE 
INfORljATION 


1 
BASE ADDR 


2S6· 
H 


SLICE 
) ~m.~ 
(ONE 
fOR 
EACH 
0 
ASCII 
CODE) 


BASE ADDR: 


OBJECT 
1 
DESCRIPTOR 
DATA 


H 
CHARACTER 


HEIGHT 


OBJECT 
1 
DESCRIPTOR 


~ 
l 


\ 
TO PIXEL 
PROCESSOR 
231679-5 
a) FAD = 0 
C1 CO0 o-BGND 
Color 
C1 CO0 1-FGND 
Color 


DRAM 
ADDRESS 
P7 
P6 
P5 
P4 
P3 
P2 
P1 
PO 
SLICE 9 
02946H 
00000000 
0 
0 
0 
0 
0 
0 
0 
0 
02846H 
00000000 
0 
1 
1 
1 
1 
1 
1 
0 
02746H 
00000000 
0 
0 
0 
0 
0 
1 
1 
0 
02646H 
00000000 
0 
0 
0 
0 
0 
1 
1 
0 
02546H 
00000000 
0 
0 
0 
1 
1 
1 
1 
0 
02446H 
00000000 
0 
0 
0 
0 
0 
1 
1 
0 
02346H 
00000000 
0 
0 
0 
0 
0 
1 
1 
0 
02246H 
00000000 
0 
0 
0 
0 
0 
1 
1 
0 
02146H 
00000000 
0 
0 
0 
0 
0 
0 
0 
0 
SLICE 0 
02046H 
00000000 
0 
0 
0 
0 
0 
0 
0 
0 
Character Width = 8 Pixels 
Character Height = 10 Scan Lines 


Character Generator Base Address = 02000H 


NOTE: 
The leftmost 
pixel corresponds 
to the LSB in the slice word. 
Figure 9. Bit Storage 
for Character 
"F" 


The 80186 used in this design is resident on a single 
board computer known as SDV-186 board. This board 
is available from Red River Technology, Inc. in Addi- 
son, Texas. The VSDD board is connected to the 186 
board via expansion connectors. The memory maps for 


CPU 
ADDRESS 


0528CH 
0508CH 
04E8CH 
04C8CH 
04A8CH 
0488CH 
0468CH 
0448CH 
0428CH 
0408CH 


OOOOH 
007EH 
0006H 
0006H 
001EH 
0006H 
0006H 
0006H 
OOOOH 
OOOOH 


the SDV-186 board and the VSDD are shown on the 
following 
pages. 
The 
CPU 
address 
space 
from 
6OOOOH-6FFFFH is used for 64K data window. This 
data 
window maps onto 
the data 
segment in the 
VSDD's memory space. 


CPUADDR 
60000 


6001E 


60020 


601BOH 


6022A 


602FE 


60300 


6031E 


60320 


603FE 


60AOO 


61FFE 


62000 


63FFE 


64000 


65FFE 


66000 


67FFE 


68000 


RO 


" 


CONTROL 
REGISTERS 


R15 


SCAN LINE 0 FLAGS 


ACCESS TABLE 


SCAN LINE 200 FLAGS 


BLANK 


COLOR 0000 


COLOR lOOKUP 
TABLE 


COLOR 1111 


BLANK 


OBJECT 
DESCRIPTOR 
TABLE 


BLANK 


OBJECT 
DATA 


CHAR GENO 


, 


CHARGEN 
1 


BLANK 


VSDD DRAM ADDR 


00000 


inter 


OOOOOH-OOSFFH 


00400H-0076FH 


00770H-007FFH 


00800H-OOFFFH 


01000H-1FFFFH 


20000H-SFFFFH 


40000H-4FFFFH 


50000H-5FFFFH 


60000H-6FFFFH 


70000H-7FFFFH 


80000H-FBFFFH 


FCOOOH-FFFFFH 


INTERRUPT 
VECTORS 


PROGRAM 
DATA 


STACK 


MEMORY 


VACANT 


VACANT 


64-K MEMORY 


64-K MEMORY 


64-K MEMORY 
(VACANT) 


64-K MEMORY 
(VACANT) 


VACANT 


MONITOR 
CODE 


MCSOI 


MCS11 


MCS21 


MCSSI 


APPENDIX 
A 


PROGRAMMING 
HORIZONTAL 
AND VERTICAL 
CONSTANTS 
FOR IBM MONITOR 


13.67 
Line Time = 
200 
= 68.35 JLs 


Horizontal 
Sync Frequency 
= _._1_. 
- 


Line Time 


1 


68.35 


Pixel CLOCK 
PERIOD 
= Active 
horizontal 
time 


no. of pixels/scan 
line 


52.35 JLs 
= ---..00 = 130.1 ns 


PIXEL CLOCK = 13~.1 = 7.7 MHz 


We will use a pixel CLK of 8 mHz. As EVC = 0, System CLK is also 8 MHz. 


Horizontal Blanking for the monitor = 16,...s. 


This blanking time includes the front porch, sync width and the back porch. 


AHZ 
(AVZ) 


HSYNC~ 


(VSYNC) 
HCO 
I- (VCO) 
uj [" 


HC2 
~_-.1 


(VC2) 


GCLK 
PERIOD 
= 16 X 125 = 2000 
ns 


= 2 "'S 


HCO = 2 GCLK 
PERIODS 
= 4 ",S 


HCO = 0000018 


NOTE: 
HCO-HC3 
and VCO-VC3 values are offset by 1, i.e. 


if HCO is 2, then time programmed is 3 GCLK peri- 
ods. HC2 and HC3 had to be tweeked to obtain a 
steady display on the screen. The following values give 
a flicker-free display. 


HC2 = 60 ",S = 30 GCLK Periods 


HC2 = 0111018 


APPENDIX 
B 


CHARACTER 
GENERATO~ 0 


This character set is located in the VSDD's DRAM in bank O. It starts at 02000H. 26 alphabets, 10 numeralS and a 
blank space are defined here. The ASCII code for the characters are as follows: 


CHARACTER 
A 
B 
C 
o 
E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
o 
p 
a 
Rs 
T 
U 
V 
W 
x 
y 


Z 
BLANK SPACE 


ASCII 
41H 
42H 
43H 
44H 
45H 
46H 
47H 
48H 
49H 
4AH 
4BH 
4CH 
4DH 
4EH 
4FH 
50H 
51H 
52H 
53H 
54H 
55H 
56H 
57H 
58H 
59H 
5AH 
20H 


NUMERALS 
o 
1 
2 
3 
4 
5 
6 
7 
8 
9 


ASCII CODE 
30H 
31H 
32H 
33H 
34H 
35H 
36H 
37H 
38H 
39H 


The character set has 10 blocks of 256 words each. All the locations except those corresponding to above 37 
characters are blank in the display RAM. They are programmed with O's. The hex dump for the characters is as 
follows: 


SLICE 0 
SLICE 1 
SLICE 2 


DRAM 
HEX 
DRAM 
HEX 
DRAM 
HEX 
CHARACTER 
LOCATION 
DUMP 
LOCATION 
DUMP 
LOCATION 
DUMP 


2020H 
OOoooH 
2120H 
OOOOOH 
2220H 
OOOOOH 
8LANKSPACE 


2030ססoo 
2130 
0000 
2230 
003C 
0 
2031 
0000 
2131 
0000 
2231 
007E 
1 
2032ססoo 
2132 
0000 
2232 
007E 
2 
2033 
0000 
2133 
0000 
2233 
003C 
3 
2034 
0000 
2134 
0000 
2234 
0060 
4 
2035 
0000 
2135 
0000 
2235 
003C 
5 


2036ססoo 
2136 
0000 
2236 
003C 
6 


2037ססoo 
2137 
0000 
2237 
0018 
7 


2038ססoo 
2138 
0000 
2238 
003C 
8 


2039ססoo 
2139 
0000 
2239 
003C 
9 


2041ססoo 
2141 
0000 
2241 
0066 
A 


2042ססoo 
2142 
0000 
2242 
003E 
8 
2043ססoo 
2143 
0000 
2243 
0038 
C 
2044ססoo 
2144 
0000 
2244 
001E 
D 
2045ססoo 
2145 
0000 
2245 
007E 
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APPENDIX 
C 
ANALOG OPERATION 


For analog operation, DEI (digitally encoded color information) bit in register ROis set to o. The on-chip color look 
table (CLUT) is loaded with 16 entries from the external DRAM. These 16 words of data are stored in the memory 
starting at color look up table base address. (Register R9). Each entry is 16 bits long-with 
lowest 4 bits specifying 
the address of the entry in the CLUT and upper 12 bits specifying the color as shown in Figure 10. Four bit pixel 
code is used to address the CLUT. The pixel code is matched with the lowest four bits of the CLUT RAM and the 
pixel is given the color specified by the upper 12bits. The address entries need not be sequential from 0-15 but they 
can be random. The color corresponding to address 0010 in the CLUT is reserved for the background color. 
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... ----.. 


•••• 
ENTRY- 
•••• 


tCOLOR 


IN THE DRAM 


STARTING AT COLOR I RJ R2 Rl 
RO:GJ G2 Gl 
GO:BJ B2 Bl 
BO:AJ A2 Al 
AO I 
LOOK UP TABLE 
_, 
_ 
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R3-RO: Red color component 
G3-GO: Green color component 
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The color look up table outputs-4 
bits/color---{1rive 3 


internal DACs (digitaI-to-analog converter). RGB sig- 
nals are generated by the DACs. An externally supplied 
reference voltage (VREF) is used to drive the DACs. 
The value of VREF should be between 0 and 2V. As 
DACs have high output 
resistance, external analog 


buffers are used to interface them to low input resist- 
ance monitors as shown in Figure II. 
ANALOG 
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FROt.4 82716 
R. G, OR B 


331l 
TO751l 
t.40NITOR 
INPUT 


Figure 11. Buffering 82716 Analog Output 


to Low Input Resistance Monitor 


APPENDIX 
D 
CLOCKING 
SCHEMES 


The VSDD uses two clock signals: system clock and 
video clock. The video clock can be derived from the 
system clock or may be external. 


An external clock may also be fed to the XTALIN pin 
(instead of using a crystal). For example, CLKOUT pin 
of 80186 can be used to drive the VSDD system clock. 


The system clock is generated by an internal oscillator 
using an external crystal at XTALIN and XTALOUT 
pins. The crystal frequency can be between 5 MHz and 
15 MHz. 


If an independent video (dot) clock is desired (EVC = 
1) CKIO is used to input this clock. Maximum video 
clock frequency can be 25 MHz. EVC should be set to 
zero if video clock is derived from system clock. 
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Figure 12. Clocking 
Schemes 
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2000 
130 
org 
2000H 
;3.6K 
bvt •• 
20110 (1800 
131 
obJect_O_v 
d", 
1800 
dUp(?) 
14 
bits/pi.el 
75*96 
bit 
•• pp.d 
???? 
) 
2E14 
132 
org 
2EI4H 
2E14 
(80 
133 
obJect_I_v 
d", 
eo 
dupe?) 
???? 
) 
2ECO 
134 
org 
2ECOH 
2ECO 
(120 
13' 
ob,Ject_2_v 
d •• 
120 
dupe'?) 


231679-17 


LDC 
OBJ 
LINE 
SOURCE 
l 
7??"") 


2FB4 
136 
org 
2FB4H 
2FB4 
(100 
137 
obJect._3_v 
d•• 
100 
au •• c?,) 


???? 


4000 
138 
org 
04000H 
JChal"actel' 
Oenerata'r 0 
4000 
(256 
139 
cgO_Bllc._O_v 
d•• 
256 
dupl?) 
???? 
) 


4200 
(256 
140 
egO_al ic._l_" 
dOl 
256 
dupl?) 
???? 
) 
4400 
(256 
141 
CIO_sI1'8 
___ " 
dOl 
256 
dupC?) 
???? 
) 
4600 
(256 
142 
CIO_sI1c8_3_" 
dOl 
256 
dupe?') 
???? 
) 
4800 
(256 
143 
cgO_511c8_4_" 
dOl 
256 
dupe?) 
???? 
) 
4AOO 
(256 
144 
cgO_511c._:5_" 
d•• 
256 
dupe?) 
???? 
) 
:s- 
~ 


4COO 
(256 
145 
c.O_&11c8_6_" 
d •• 
256 
dupC?) 
." 
???? 
• 
) 
N 
...• 
4EOO 
(256 
cgO_sl1c8_7_" 
d •• 
256 
dupe?) 
G) 
.". 
146 
CllI 
???? 
) 
5000 
(256 
147 
cgO_Bl1c8_8_" 
d•• 
256 
dup(?) 
???? 
) 
5200 
(256 
148 
cgo_.l1c._9_" 
dOl 
256 
dupe?) 


???? 
) 
5400 
(256 
149 
cgO_al1c8_10_" 
d•• 
256 
dupC?) 
???? 
) 
5600 
(236 
150 
cgO_511c8_11_" 
dOl 
256 
dupl?) 
71?? 
) 
5800 
1256 
151 
CIO_sI1c._12_" 
d •• 
256 
dupe?') 
7??? 
) 
5AOO 
(256 
152 
cgO_slic8_13_" 
d •• 
256 
dupl?) 
???? 
) 
5COO 
(256 
153 
CIO_&11c8_14_" 
d•• 
256 
dupl?) 
???? 
) 
5£00 
(256 
154 
cgO_.l1'8_13_" 
d•• 
256 
dupl?) 
??7? 
) 
231679-18 


0000 
20564944454F20 
53544F52414745 
2020 


0010 
2020202020414E 
44202020202020 
2020 


0020 
20444953504C41 
59204445564943 
4520 


0030 
20202020383237 
31362020202020 
2020 


0040 
20202020494E54 
454C0920202020 
20 


004F 
3C 
0050 
7E 
0051 
7E 
00523C 
0053 
60 
0054 
3C 
0055 
3C 
0056 
18 
0057 
3C 
00583C 
0059 
66 
OOSA 18 
0058 
Db 
005C 
66 
005D 
60 
005E 
66 
005F 
bb 
0060 
18 
0061 
bb 
0062 
bb 


o.t. 
for 
character 
generator 
0 
CharActers 
are 
10 scan 
line. 
high 
Slice 
.0.1 
and 9 are 
•• pt\l(O'., 
26 
alphabets 
and 
10 
nUlRbers 
•.••• 
defined 


LOC 
OBJ 
LINE 
SOURCE 


0063 66 
184 


0064 
18 


006~ OC 
0066 60 
0067 7E 
0068 60 
18~ 


006'1 66 
OObA 18 
006B 66 
oobC 60 
0060 6E 
186 


OObE 18 
006F 30 
0070 38 
0071 66 
0072 60 
187 


0073 3E 
0074 
18 
007~ 3C 
0076 7C 
0077 76 
188 
0078 
lC 
007'1 60 
007A 60 
oo7B 78 
'f 


007C 3E 
18'1 
0070 06 


...•. 
007E 30 
m 
007F 66 
0080 
bb 
0081 66 
1'10 
0082 
18 
0083 66 
0084 66 
008~ 70 
OOB602 
I'll 
0087 66 
00B8 
bb 
008'1 66 
008A 66 
008B 3C 
1'12 
OOBC18 
OOBO3C 
OOBE3C 
008F 60 
00'10 7E 
1'13 
00'11 3C 
00'12 7E 
00'13 3C 
00'14 3C 
1'14 
1'1~ 
1'16 
1'17 
1'18 


-- 


LOC 
OBJ 
LINE 
SOURCE 
I Il 
199 
J slices 
O. 
1 and 
9 
aT. 
0'. 
C•• ptV) 
200 
0095 
bb 
201 
slice_2_d 
db 
MH. 
3EH. 38H. 
lEH, 
7EH. 0bH. 
38H. 
bbH 
009b 
3E 
0097 38 
0098 
IE 
0099 
7E 
009A Ob 
009B 38 
009C b6 
0090 
3C 
202 
db 
Xli. 
3CH. bbH. 
7EH. bbH, 
46H. 
3CH. OCH 
009E 3C 
009F 66 
OOAO7E 
OOAI b6 
00A2 46 
00A3 3C 
00A4 OC 
00A5 7C 
203 
db 
7CH. bbH. 
3CH. 
ISH. 
XH. 
ISH. 
3CH. bbH 
00A6 b6 
OOA7 3C 
00A8 
18 
00A9 3C 
OOAA 18 
OOAB3C 
,. 
~ I 


OOACbb 
'U 
OOAO18 
204 
db 
18•.•• 7EH 
• 
OOAE7E 
N 
...•. 
OOAF bb 
205 
slice_3_d 
db 
N>lf, 
bbH. 
6CH, 36H. 
0bH. 
0bH. 
6CH. bbH 
0) 
...•.• 
c» 
OOBObb 
OOBI bC 
00B2 3b 
OOB3 06 
00B4 Ob 
00B5 bC 
00B6 b6 
OOB7 18 
20b 
db 
181'1. 661'1. 36H. 
7EH. bbH. 
bbH. 
bbH. 
06H 
00B8 66 
OOB9 3b 
OOBA7E 
OOBBb6 
OOBCbb 
OOBOb6 
OOBEOb 
OOBF 2b 
207 
db 
2bl1. 
36H. 
bbH. 
ISH. 
bbH. 
ISH. 
7EH. bbH 
OOCO3b 
O.OCI66 
00C2 18 
00C3 bb 
001'4 18 
OOC57E 
OOC6 6b 
001'7 18 
208 
db 
ISH. 06H 
OOC8 Ob 
OOC97E 
209 
slice_4_d 
db 
7Eli. 
bbH. 
0bH. 
bbH. 
0bH. 
0bH. 
46H. 
bbH 
231679-21 


OOCA 
bb 
OOCB 
Ob 
OOCC 
bb 
OOCD 
Ob 
OOCE 
Ob 
OOCF 
46 
0000 
bb 
0001 
18 
0002 
bO 
0003, OE 
0004 
Ob 


0005 
bb 
OODb 
7b 
0007 bb 
0008 
Ob 
0009 3b 
OODA 
IE 
OODB 
bO 
OODC 
18 
0000 
bb 
OODE 
3C 
OODF 
5A 
OOEO 
3C 
OOEI 
18 
00E2 
OC 
00E3 
bb 
OOE4 
3E 
OOE:; Ob 
OOEb 
bb 
00E7 
IE 
00E8 
IE 
00E9 
bb 
OOEA 
7E 
OOEB 
18 
OOEC 
bO 
OOED 
Ob 
OOEE 
Ob 
OOEF 
bb 
OOFO 
7E 
OOFt 
bb 
00F2 
3E 
OOF3 
bb 
00F4 
3E 
00F5 
3C 
OOFb 
18 
00F7 
bb 
OOF8 
24 


OOF9 
5A 
OOFA 
18 
OOFB 
3C 
OOFC 
18 
OOFD 
3C 
OOFE 
bb 
OOFF 
06 
0100 
bb 


Xli. 
ISH 


Xli. 
b6H. 06H. b6H. 06H. ObH. 06H. b6H 


0101 
Ob 
01001 Ob 
0103 
Ob 
0104 
bb 
OIP~ 
18 
OIOb 
bO 
0107 
OE 
0108 
Ob 
0109 
7E 
OIOA bE 
0108 
bb 
OIOC 
bb 
OIOD bb 
OIOE 
bb 
OIOF 
Ob 
0110 
18 
0111 
bb 
01101 
bb 
0113 
401 
0114 
3C 
Oll~ 
3C 
Ollb 
30 
0117 
3C 
0118 
bb 
0119 
bC 
OIIA 
3b 
0118 
Ob 
OIIC 
Ob 
OIID 
bC 
OIIE 
bb 
OIlF 
18 
01010 bO 
01011 3b 
010101 Ob 
01013 bb 
01014 bb 
0101~ bb 
OI01b 
bb 
01017 bb 
01018 bb 
01019 bb 
OI01A 18 
01018 bb 
OI01C 401 
OI01D 401 
OI01E bb 
OI01F bb 
0130 
bO 
0131 
18 
01301 3E 
0133 
38 
0134 
IE 
013~ 
7E 
013b 
7E 
0137 
3B 


0138 
66 
0139 
3C 
013A 
70 
0138 
66 
013C 
06 
013D 
24 
013E 
62 
013F 
3C 
0140 
3E 
0141 
3C 
0142 
3E 
0143 
3C 
0144 
7E 
0145 
66 
0146 
42 
0147 
42 
0148 
66 
0149 
66 
014A 
7E 


0000 
0000 
(I 
11?? 
) 


228 


229 
230 
231 
232 
233 
234 
235 
236 
237 
238 


239 
240 
241 
242 
243 
244 
245 
246 
247 
248 
249 
250 
251 
252 
253 
R 
254 
255 
256 
257 
258 
259 
260 
261 
262 


",onitol' 
ends 


J 
--------------------------------------------------------- 
_ 


J 
M.•in 
routine. 
This 
routine 
load. 
the 
DRN1 with 
ace ••• 
tabl. 


J 
the 
obJect 
d•• c1'"iptof' 
t.bl 
•. the 
ch .•"acte •.• 
enerator 
and 
the 


J 
actual 
obJect 
d.•ta. 
The 
VSDn i. 
also 
initi.-lized. 
J--------------------------------------------------------------------- 


LOC 
08..1 


OOOA 
2bC70bOOO472bO 
0011 
2bC70b020414A4 
0018 
2bC70b04040bOO 
001F 
2bC70bOb044001 
00210 2bC70b08040080 
002D 
2bC70bOA040000 
0034 
2bC70bOC040AOO 
0038 
2bC70bOE04000' 


0042 
2bC70b10041000 
0049 
2bC70b12048001 


00'0 
2bC70b14042300 


00'7 
2bC70b1b041000 


OO'E 
2bC70b18040204 
0010' 
2bC70b1A042410 
OObC 2bC70b1C04EC74 
0073 
2bC70b1E04F480 


00810 2bC70bOOOAOOOb 
008D 
2bC70b020AOO18 


0094 
2bC70b040AOO 
10 
0098 
2bC70bObOA0010 


00A2 
2bC70b080AOOOb 
00A9 
2bC70bOAOA1404 
0080 
2bC70bOCOAOA17 
0087 
2bC70bOEOAOA17 


008E 
2bC7Ob100AOOOb 
OOC, 
2bC70bl20A2b3C 
OOCC 
2bC70b140Ab017 
OOD3 
2bC706160Ab017 


mav i T'O_v. "O_T''''to 
may 
1rl_v. 
,.1_11 


mav 
11"'2_v,1"'2_d 
may 
i 1"'3_v. 
,,3_d 
moy 
i 1"4_v. 
"4_11 


may 
i r~_v. 
1"'5_d 


mov 
11"6 
v.r6 
d 
mav 11'7:v, 1"7:d 
mav 
11'8_v.1"8_d 
moy 1"9_v.1"'9_d 
InOVl1'l0_v, 
"'10_ d 


may 
11"'11_v, 
1"11. d 


may 
l1"'12_v. 
"12_d 
fIIOV 
11"13_".1"'13_d 
mav 1"14_v. rl~_d 
may 
irl~_v, 
rl~_ 
d 


mDY cI.71 
100pl: 
loop 
loop! 


J 
the 
",.giste", 
window t. 
initiAlized 
to 
60000h 


J 
the 
cpu 
progr.m. 
the 
displAy 
data 
through 
newlv 
d.fined 
data window 
In R3. 


moy 
odtO_v,600h 
mav 
odtO_v(2J, 
lBOOh 


mav odtO v(4). 
l000h 


tlIlOV 
odtO:v[6l,l000h 


,4blt./pl 
•• 1,non-1:1"'.".p.1"'e"1: 


,obJect .t."t. 
at x .0 


,the 
width 
1. 
96 
pl •• 1. 
,obJect 
ba•• addr ••• 


may 
odtl_v,600h 
mav odtl_v[':Zl.0414h 
mav 
odtl 
v[4l,17o.h 
may Odtl:v[6],1'70.h 


flOV 
odt2_v.6OO" 
mov odt2_v[2J.3c?6h 
mov od't2_v[4J# 1760h 
!wov odt2_v[6J.1760h 


LOC 
DO.J 
LINE 


318 
319 
320 
OOOA 
26C706180A04AC 
321 
322 
323 
0DE1 
26C7061AOA:lOO8 
324 
32:5 
0DE8 
26C7061COAOA17 
326 
OOEF 
26C7061EOADA17 
327 
328 
329 
330 
331 
OOF6 
OA0200 
332 


OOF9 
000000 
333 
334 
33:5 
OOFC 
090807 
336 
337 
OOFF 
OBBBBB 
338 
339 
0102 
2689870020 
340 
0107 
030A 
341 
~ 


0109 
E2F7 
342 
343 
I\) 
344 
I\) 
34:5 


0100 
000000 
346 
010E 
09:5000 
347 


0111 
087777 
348 
349 
0114 
268987142E 
3:50 
0119 
03DA 
3:51 
0110 
E2F7 
3:52 
3:53 
3:54 
3:5:5 


0110 
000000 
3:56 
0120 
093COO 
3:57 
0123 
08:5:5:5:5 
3:58 
3:59 
0126 
2689B7C02E 
360 
0120 
030 ••• 
361 
0120 
E2F7 
362 
363 
364 
36:5 
012F 
000000 
366 
0132 
092800 
367 
36B 
369 
013:5 8007 
370 
371 


OlOV 
odt3_v.OAC<M1t 


/lOV 
odt3_v[2J,0050h 


I00V 
adt3 
vr4],17M 
•• 


I00V 
odt3:::v[6l.17DAh 


I 
sot 
up 
tho 
object 
data 


OlOV 
dx,2 
OlOV 
bx.O 


; ob Ject 
0 
mov 
cl,24*75 


0I0V 
•• , B888h 


Jch.~.ct.~abJect 
IS 
pl••1./ch.~.ct.r 
,transparent 
pl •• 1 
I. - 80, 
Width· 
16 


J 
char"cters 


I 
nu.be,. 
of 
data 
words 
- 


;7~ 
lin •• ,24 
wordsC96 
pl •• 1s) 


f pi •• 1 data 


1II0V bl.O 
mav 
cl •.•*20 
,nu.be .••of 
data 
word. 


lIIov 
•• 
,7777h 
,pi.el 
date 


'totel 
80 
characte,.s 
'In 
the 
obJect,a/word 


1II0V••• 
wOT'd ptl" 
obJect_3_dat.[bl] 
J 
're.d 
the 
ASCII 
code 


i 
fo1" 
2 charact.,.. 


1II0V 
b •• O 


tIlOV 
c •• l~.4 
.ov 
••. ~'5~h 


#i11_obJ_2: 


loop 
#i 11_ob J_2 


LOC 
DB,} 
LINE 
SOURCE 


0137 
268987B42F 
372 
IIOV 
obJect_3_,,(bl], 
A. 


013C 
030.0. 
373 
.dd 
bl, dl 
013E 
E2F5 
374 
loop 
.•tll_DbJ_3 
375 
376 
J load 
the 
chaTActor 
.en 
••.• toT' 
377 
0140 
BBOOOO 
378 
IIOV 
A.,O 
0143 
B80000 
379 
IIOV 
bl,O 
380 
) load 
the 
nUlnber. 


381 
0146 
8E6000 
382 
IIOV 
st,30h*a 


383 
3B4 


0149 
890Aoo 
385 
.ov cl.I0 
014C 
BA0700 
386 
.ov dr.7 
387 
014F 
388 
..."it __A_nuMber: 


389 
014F 
BA474F 
390 
IIOV 
.1.numb.T'._d.t~[bl] 
0152 
2689840044 
391 
OlOV 
CIO_.lic.~2_v(sil••1 
392 
0157 
43 
393 
lnc 
b. 
0158 
83C602 
394 
.dd si. :2 
395 
0158 
E2F2 
396 
loop 
lI''''i t* ___ "u.be,. 
~ 


397 
015D 
81C6ECOl 
398 
.dd 
st, (2~6*2)-20 
I\) 
0161 
B90AOO 
399 
.ov 
cI.I0 
(.0) 
0164 
4A 
400 
dec 
d. 
401 
0165 
7:IE8 
402 
Jnz 
"''rite_A_nullbe" 
403 
404 
J sto"e 
the 
26 alphabets 
405 
0167 
B80000 
406 
OlOV 
••• 0 
016A 
B80000 
407 
IIOV 
b •• 
O 
016D 
B91Aoo 
408 
••ov cI.26 
0170 
8E82oo 
409 
.ov .t,4th_a 
410 
0173 
BA0700 
411 
OlOV 
d.,7 
412 
0176 
413 
•••,..1 te_a_che,..ct.,,: 


414 
0176 
BA879500 
415 
OlOV .1. sliceJ_.dnul 
017A 
2689840044 
416 
IIOV 
C80_S11C*_2 __."[513. A. 
017F 
43 
417 
lnc 
bz 
0180 
B3C602 
418 
.dd 
ai.2 
419 
0183 
E2Fl 
420 
loop 
.••.1te_a_che,...ct 
••. 
421 


0185 
891AOO 
422 
OlOV 
cI,26 
Olea 
81C6CCOl 
423 
.dd 
st, (2:56*2)-52 


01SC 
4A 
424 
dec 
d. 
018D 
7:IE7 
425 
Jnl 
WTite_a_charactel' 
426 


~.tOT'. at 
prope" 
ASCII 


J location. 
Not. cpu .pac. 
iltvt 
•• 
dd" •••• 
bl. 
il0 
"v.beT's 


I 
7 alic •• 


i r •• d 
data 
It..,t. 


iwrit. 
d.t. 
_o"d 
in 


• the DAM 


J 
ne.t 
ItVt. 


J 
ne.t 
location 
in 


J 
the 
DR"" 


; 26 .lph •.•• t. 
Ip~op.r off •• t 
into 
Jch.r.ct.~ I.n.~.tor 


J 
7 .lic •• 


I r•• d d.t. 
"'It. 


J 
WTit •••• 
o~d 


I 
n.xt .."t. 


In •• t 
loe.tion 


LOC 
08-1 


OleF 
880000 
0192 
890002 
019~ 
88FFFF 
0198 
8A0200 


0198 
26894720 
019F 
03DA 


01AI 
E2F8 


01A3 
88FEFF 
01A6 
26A32000 
01AA 
26A38600 


01AE 
88FDFF 
0181 
26A30601 
0185 
26A32COI 


0189 
88F8FF 


~ 


018C 
26A33801 
01CO 
26A33AOI 


I\) 
0lC4 
88F7FF 
.jlo. 


01C7 
26A34800 
01C8 
26A3ACOO 


01D6 
0lD6 
26C706020A0018 
01DD 
8A4201 
OlEO 
880000 


mav 
bx,O 
fflOV cI,lengt:h 
Oill\~V 
may 
Ax,O"f'h 
mav dx,2 


mav 
•••• Of,feh 
mav oat_v, 
ax 
J en.bl. 
obJect 
0 at: 
line 
0 
mavoat_v[75*;J],lIll 
J di •• ble 
object 
0 .t 
line 
75 


mav A.,O"'dh 
mov oet_v[115*21du 
J.nebl. 
obJect 
1 .•t 
line 
115 
mav o.t_vCl34*21.a. 
,di •• ble 
object 
1 .t 
lin. 
131 


mav 
ex,O"fbh 
mDV o.t_v[140+21 ••• 
J.nebl. 
obJect: 
2 .t 
Itn* 
140 
mav oet_vCI41*2],.1 
J di •• ble 
object 
2 .t 
line 
141 


Mav ex.Off'7h 
mov oet 
v(2O*~1.al 
J en.bl. 
object 
3.t 
line 
20 
mov o.t~v[70*~J.al ,di••ble 
obJect 3 .t 
line 
70 


the 
di.pl.~ 
d.t. 
i. 
initialized 
bV the 
80186. 
Now enebl. 
the 
set 
the 
displa" 
en.-bl. 
bit 
(DEN) in 
thE' 
VSDDto 
enabl. 
the 
disp lay . 


•• simple 
rout in. 
to 
scroll 
objects 
horizont.11.., 
end 
verticall" 


J 
obJect 
0 t. Moved 
harOl0nt.ll~ 
~hile 
abJect 
1 
i. 
Moyed 
Yertic- 
alllj 


moy 
adtO_Y[2J,1800h 
moy dx,322 
MOY 
bx,O 


01FO 
26B16748FDFF 
01F6 
B97017 
01F9 
26C706OBOAOOO6 
0200 
E2FE 
0202 
26C706OBOAl006 


0209 
26B14F20F2FF 
020F 
26B14F48F2FF 
0215 
B3C302 
021B 
BIFB3403 


021E 
B3FAOO 
0221 
74C7 
0223 
EBBE 


0225 
EAOOOOFOFF 


LINE 


482 
4B3 
484 
4B5 
411b 
4B7 
4BB 
489 
490 
491 
492 
493 
494 
495 
496 
497 
49B 
499 
500 
501 
502 
503 
504 
505 
506 


and 
oat_v[bl+401,Oflffdh 
mav CI.6000 
tiDY 
odtl_v.600h 
del·u2 
lftOV 
odtl_Y,610h 


,obJect 
1 stop 
,dele.., 
CDunt.,. 
,turn 
the 
obJect 
on 


.tuTn 
the 
object 
0" 
'.'01'". 
di •• bling 
the 
ace ••• 
tabl. 
,.••• t 
the 
ace ••• 
t.bl. 
ta 
or1lin.l 
valu •• 
0" 
oat 
vCbxl,Ofl'.2h 
or 
0.t:,,[III+40],Oflflfl2h 
add 
bl.2 
c.p 
b •• 82o 


emp 
dl.O 
J. move V 
Jmp mov •• 


_. 


XREF SYMBOL TABLE LISTINO 
I 
I cf 
---- ------ ----- ------- 


NAME 
TYPE 
VALUE 
ATTRI BUTE6. 
XREFS 


??SEG 
SEOMENT 
6IZE-000OH 
PARA PUBLIC 
COO_SLICE_O_V 
V WORD 
4000H 
(2~6) 
VIDEO_VSDD 
139. 
COO_SLICE_I_V 
V WORD 
4200H 
(2~6) 
VIDEO_VSDD 
140. 
COO_SLICE_IO_V. 
V WORD 
~400H 
(2~6) 
VIDEO_VSDD 
149. 
COO_SLICE_ll_V. 
V WORD 
~600H 
(2~6) 
VIDEO_VSDD 
I~. 
COO_SLICE_12_V. 
V WORD 
~8ooH 
(2~6' 
VIDEO_VSDD 
I~a 
COO_SLICE_13_V. 
V WORD 
~AOOH 
(2~6' 
VIDEO_VSDD 
1~2. 
COO_SLICE_14_V. 
V WORD 
~CooH 
(2116) 
VIDEO_VSDO 
U3. 
COO_SLICE_15_V. 
V WORD 
llEooH 
(2116) 
VIDEO_VSDD 
11l4. 
COO_SLICE_2_V 
V WORD 
4400H 
(2~6) 
VIDEO_VSDD 
14a 
391 
416 
COO_SLICE_3_V 
V WORD 
4600H 
(2116) 
VIDEO_VSDD 
142. 
COO_SLICE_4_V 
V WORD 
4800H 
(21161 VIDEO_VSDD 
143. 
COO_SLICE_5_V 
V WORD 
4AOOH 
(2116) 
VIDEO_VSDD 
144. 
COO_SLICE_6_V 
V WORD 
4COOH 
(2116) 
VIDEO_VSDD 
1411. 
COO SLICE 
7 V 
V WORD 
4EOOH 
(2116) VIDEO_VSDD 
146. 
COO::SLICE::8::V 
V WORD 
1l000H 
(2116) VIDEO_VSDD 
147. 
COO_SLICE_9_V 
V WORD 
11200H 
(2116) VIDEO_VSDD 
148. 
CLUT V. 
V WORD 
0300H 
(161 
VIDEO_VSDD 
123. 
DELAV2. 
L NEAR 
0200H 
PROO_CODE 4811. 4811 
DEN 
NUMBER 
0008H 
II. 
23 
FILL_OAT. 
L NEAR 
019BH 
PROO_CODE 436. 
439 
~ 


I 


FILL 
OBJ o. 
L NEAR 
0102H 
PROO_CODE 340. 
342 
"'0 
~ 
FILL-08.J-1. 
L NEAR 
0114H 
PROO_CODE 3110. 3112 
• 
FILL -OBJ-2. 
L NEAR 
0126H 
PROO_CODE 360. 
362 
N 
I\) 
0) 
Ol 
FILL -OBJ-3. 
L NEAR 
01311H 
PROO_CODE 370. 
374 
Clll 
IROji 
- 
V WORD 
0400H 
VIDEO_VSDD 
106. 
263 
284 
IRI 
V 
V WORD 
0402H 
VIDEO_VSDD 
107. 
264 
IRIO_V. 
V WORD 
0414H 
VIDEO_VSDD 
116. 
273 
IRII 
V. 
V WORD 
0416H 
VIDEO VSDD 
117. 
274 
IRI2::V. 
V WORD 
0418H 
VIDEO-VSDD 
118. 
2711 
IRI3 
V. 
V 
WORD 
041AH 
VIDEO::VSDD 
119. 
276 
IRI4::V. 
V WORD 
041CH 
VIDEO_VSDD 
120. 
277 
IRlll_V. 
.. 
, 
V WORD 
041EH 
VIDEO_VSDD 
12a 
278 
IR2_V 
V WORD 
0404H 
VIDEO_VSDD 
108. 
2611 
IR3_V 
. 
V WORD 
0406H 
VIDEO_VSDD 
109. 
266 
IR4_V 
V WORD 
0408H 
VIOEO_VSDD 
110. 
267 
IRll_V, 
V WORD 
040"'H 
VIDEO_VSDD 
III. 
268 
IR6 
V 
V WORD 
040CH 
VIDED 
VSDD 
112. 
269 
IR7::V 
V WORD 
040EH 
VIDEO::VSDD 
113. 
270 
IR8_V 
V WORD 
0410H 
VIDEO_VSDD 
114. 
271 
IR9_V 
, 
V WORD 
0412H 
VIDEO_VSDD 
1I11. 
272 
LOOPI 
L NEAR 
oo84H 
PROO_CODE 290. 
290 
MONITOR 
- 
SEOMENT 
SIZE-0002H 
PARA "'B6 
2311. 240 
MOVEX 
L NEAR 
0lE3H 
PROOSODE 
477. 
498 
MOVEXY. 
L NEAR 
0lD6H 
PROO_COOE 472. 
494 
MOVEY 
L NEAR 
OIEAH 
PROQ_CODE 481. 
497 
NUMBERS_DATA. 
V BYTE 
oo4FH 
(ll) 
VIDEO_O"'T'" 
180. 
390 
a...T_V 
V WORD 
oo20H 
(1l12) 
VIDEO_V6DD 
102. 
430 
436 
444 
44~ 
448 
449 
4112 4113 4116 4~7 
481 
482 
4B9 
490 
OBJECT 0 
V. 
V WORD 
2000H 
(1800) 
VIDEO_VSDD 
131. 
340 
OBJECT-I-V. 
V WORD 
2EI4H 
(80' 
VIDEO_VSDD 
133. 
3~ 
OBJECT::2::V, 
V WORD 
;lECCH 
(120) 
VIDEO_VSDD 
1311_ 360 
231679-30 


_. 


NAME 
TYPE 
VALUE 
ATTRIBUTE.S. 
XREFS 
I Il 
OBJECT_3_DATA 
V BYTE 
OOOOH 
(16) 
VIDEO_DATA 
16a 
370 
OBJECT_3_V. 
V WORD 
2FB4H 
(100) 
VIDEO_VSDD 
137. 
372 
ODTO_V. 
V WORD 
OAOOH 
(4) 
VIDEO_VSDD 
12~. 
299 
300 
302 
303 
473 
477 
ODTl_V. 
V WORD 
OA08H 
(4) 
VIDEO 
VSDD 
126. 
307 
308 
309 
310 
484 
486 
ODT2_V. 
V WORD 
OAI0H 
(4) 
VIDEO:::VSDD 
127. 
314 
31~ 
316 
317 
ODT3_V. 
V WORD 
OA18H 
(4) 
VIDEO_VSDD 
128. 
321 
324 
326 
327 
PROG_CODE 
SEGMENT 
SIZE=022AH 
PARA 
247. 
249 
~4 
RO_DISP 
NUMBER 
607BH 
23* 
464 
RO_RES. 
NUMBER 
6072H 
13* 
22 
23 
263 
RO_UP 
NUMBER 
6073H 
22* 
284 
RO_V. 
V WORD 
OOOOH VIDEO_VSDD 
84* 
464 
Rl_D. 
NUMBER 
A414H 
2~* 
264 


Rl_V. 
V WORD 
0002H 
VIDEO_VSDD 
8~* 
RI0_D 
NUMBER 
0023H 
66. 
273 
RIO_V 
V WORD 
0014H 
VIDEO_VSDD 
94* 
RI1_D 
NUMBER 
0010H 
69* 
274 
Rll_V 
V WORD 
0016H 
VIDEO_VSDD 
9S. 
R12_D 
NUMBER 
0402H 
71* 
27~ 


R12_V 
V WORD 
0018H 
VIDEO_VSDD 
96* 
R13_D 
NUMBER 
1024H 
73* 
276 
R13_V 
V WORD 
OOIAH 
VIDEO_VSDD 
97* 
RI4 
D 
NUMBER 
74ECH 
7:;* 
277 
R14:::V 
V WORD 
00lCH 
VIDEO_VSDD 
9a* 
RI~_D 
NUMBER 
8OF4H 
77. 
278 
R15_V 
V WORD 
00lEH 
VIDEO_VSDD 
99* 
,. 


I 


R2_D. 
NUMBER 
0006H 
39* 
26~ 
"U 
~ 
R2_V. 
V WORD 
0004H 
VIDEO_VSDD 
86* 
I 
. 
R3_D. 
NUMBER 
0140H 
43. 
266 
N 
I\) 
R3_V. 
V WORD 
ooObH 
VIDEO_VSDD 
B7* 
Q) 
--J 
GO 
R4_D. 
NUMBER 
8000H 
47. 
267 
R4_V. 
V WORD 
0008H 
VIDEO_VSDD 
88* 
R~_D. 
NUMBER 
OOooH 
49* 
26B 
R~_V. 
V WORD 
OooAH 
VIDEO_VSDD 
89* 
R6_D. 
NUMBER 
OOOAH 
S6* 
269 
R6_V. 
V WORD 
OOOCH 
VIDEO_VSDD 
90* 
R7_D. 
NUMBER 
0500H 
~9* 
270 
R7_V. 
V WORD 
OOOEH 
VIDEO_VSDD 
91. 
R8_D. 
NUMBER 
0010H 
62* 
271 
R8_V. 
V WORD 
0010H 
VIDEO_VSDD 
92* 
R9_D. 
NUMBER 
0180H 
64* 
272 
R9_V. 
V WORD 
0012H 
VIDEO_VSDD 
93* 
RESET 
V WORD 
OOooH 
MONITOR 
238* 
~O 
SIMPLE_DISPLAY. 
P FAR 
OooOH 
SIZE=022AH 
PROll_CODE 
2~Ie 
~2 
SLICE_2_D 
V BYTE 
009~ 
(B) 
VIDEO_DATA 
20a 
41~ 
SLICE_3_D 
V BYTE 
OOAFH 
(8) 
VIDEOJlATA 
20~* 
SLlCE_4_D 
V BYTE 
ooC9H 
(8) 
VIDEOJlATA 
209* 
SLICE_S_D 
V BYTE 
00E:lH 
(8) 
VIDEO_DATA 
213* 


SLlCE_6_D 
V BYTE 
OOFDH 
(8) 
VIDEO_DATA 
217. 
SLICEJ_D 
V BYTE 
0117H 
(B) 
VIDEO_DATA 
22a 
SLICE_8_D 
V BYTE 
0131H 
<BI 
VIDEO_DATA 
225* 
START 
L NEAR 
OOOOH PROQ_CODE 
2~2. 
~ 
UCF 
NUMBER 
OOOIH 
10. 
22 
23 
VIDEO_DATA. 
SEgMENT 
SIZE-014BH 
PARA 
1~9* 
230 
249 
2'4 
VIDEO_VSDD. 
SEGMENT 
SIZE-6OQOH 
PARA ABS 
82* 
I ~ 
249 
2'7 
WRITE_A_CHARACTER 
L 
NEAR 
0176H 
PROQ_CODE 
413. 
420 
42~ 
231679-31 


inter 


NAI1E 
TYPE 


WRITE_A~UMBER. 
L NEAR 


END DF SYMBOL TABLE LISTINQ 


ASS~BLY 
COMPLETE. NO ERRORS FOUND 


VALUE 


014FH 


ATTRIBUTES. XREFS 


PROQ_CODE 
388_ 
39b 402 


inter 
APPLICATION 
NOTE 


AP-270 


82786 Hardware Configuration 


The 82786 is an intelligent coprocessor capable of cre- 
ating and displaying high performance graphics. Both 
drawing and display functions are integrated into a sin- 
gle VLSI chip to provide an inexpensive solution for 
bitmapped graphics subsystems. 


This application note is intended to show, through ex- 
amples, use of the 82786 and the hardware interfaces 
between the 82786 and the rest of the system. Because 
the 82786 integrates many functions onto one chip, the 
hardware design of a graphics system is greatly simpli- 
fied. 


Internally, the 82786 consists of two independent proc- 
essors. 


- 
Graphics Processor: executes 
high-level 
line 


drawing, character drawing 
and bit-block-transfer 
com- 


mands to create and modify 
bitmaps in memory 
- 
Display Processor: 
displays portions of bitmaps 
in regions on the CRT called 
windows 


Figure 1 illustrates these processors and their hardware 
interfaces. 


- 
Graphics Memory 
Interface: 


-System 
Bus 


Interface: 


- 
Video Interface: 


connects dedicated graphics 
memory to the 82786 
connects CPU and system 
memory to the 82786 
connects the 82786 to CRT 
or other display 


The video interface is controlled directly by the Display 
Processor. The other interfaces are controlled by the 


82786 Bus Interface Unit (BIU). The BIU connects the 
internal Graphics and Display Processors to the CPU 
and system memory as well as to the graphics memory 
through the internal DRAMIVRAM 
controller. 


The dedicated graphics memory provides the 82786 
with very fast access to memory without contention 
with the CPU and system memory. Typically, the bit- 
maps to be drawn and displayed, the character fonts, 
and the command lists for the 82786 processors are all 
stored in this memory. In some instances it is desirable 
to have the Graphics Processor command lists stored in 
system memory. 


The 82786 contains a complete DRAMIVRAM 
con- 


troller on-chip which interfaces directly with a wide 
variety of DRAMs without external logic. This direct 
connection not only reduces chip count but also allows 
the 82786 to perform very fast burst accesses to the 
DRAMs. The DRAMlVRAM 
controller can take ad- 


vantage of the quick burst-mode sequential accesses 
made possible by Page Mode, Fast Page Mode (some- 
times 
called 
Ripplemode™), 
and 
Static 
Column 


DRAMs. In addition, interleaved DRAMIVRAM 
ar- 


rays are fully supported 
by the on-chip 
DRAW 


VRAM controller allowing even faster burst access. 


The system bus interface connects the CPU and its sys- 
tem memory to the 82786 and its graphics memory. 


The most common 82786 configuration (shown in Fig- 
ure I) allows the CPU to access the system memory 
while the 82786 accesses its dedicated graphics memory 
simultaneously. It also allows the CPU to access the 
graphics memory and for the 82786 to access the sys- 
tem memory (but not simultaneously). The system bus 


82786 
r--------,r--------, 
I 
GRAPHICS 
I I 
DISPLAY 
I 
VIDEO 
INTERFACE 
I 
PROCESSOR 
I I 
PROCESSOR 
I 
L 
~L 
J 
r----------~~~~~~~~~ 
I IUS ItnmtFACE 
: DAAMIVRAM 
: I 
I 
UHI T 
(BIU) 
: CONTROLlER 
: I 
~----------~-------~ 


Figure 1.82786 System Block Diagram 
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connects the 82786 graphics subsystem to the system 
CPU and memory. If DMA capability is also provided 
in the system, it interfaces to the 82786 exactly as the 
CPU does. The interface allows accesses in two direc- 
tions. 


- 
Slave Mode: 
CPU or DMA read or write access 
of the 82786 internal registers or 
dedicated 
graphics 
memory 
through the 82786 


82786 read or write access to sys- 
tem memory 


Therefore, any processor (CPU, DMA, Graphics and 
Display Processors) can access both the system memo- 
ry and the graphics memory. The 82786 BIU arbitrates 
between both of the internal 82786 processors as well as 
the external processor (CPU or DMA) to decide which 
processor gets access of the bus. 


The CPU software accesses both system and graphics 
memory in an identical manner (except that the specific 
memory addresses are different). Therefore the actual 
location of the memory (whether in system or graphics 
memory) is transparent to the software. However, the 
CPU can access the system memory faster than the 
graphics memory because there is less contention with 
the Graphics and Display Processors. When the CPU 
accesses the 82786, the 82786 runs in slave mode. 


In slave mode, the 82786 looks like an intelligent 
DRAMIVRAM 
controller to the CPU (Figure 2). The 


CPU can chip-select the 8'2786and the 82786 will ac- 
knowledge when the cycle is complete by generating a 
READY signal for the CPU. 


Conversely, the 82786 Graphics and Display Proces- 
sors access both system memory and graphics memory 
in an identical manner. 
However, they can access 


graphics memory faster than system memory because 
there is less contention with the CPU. When the 82786 
accesses system memory, the 82786 runs in master 
mode. 


In master mode, the 82786 looks like a second CPU 
controlling the local bus (Figure 3). The 82786 acti- 
vates HOLD 
to request control of the system bus. 


When the CPU acknowledges the HLDA line, then the 
82786 will take over the bus. When the 82786 is 
through with the bus, it will release HOLD and the 
CPU can remove HLDA to regain control of the bus. 


The 82786 system bus interface is optimized to inter- 
face to an 80286 synchronously (using the same bus 
clock). As a synchronous slave it interprets the 80286 
status lines directly and performs the requested bus ac- 
cesses. As a master it generates 80286 style bus signals. 


The 82786 system bus may alternatively be set up to 
interface asynchronously to virtually any processor. In 
this mode, read and write signals are used when slave 
accesses are performed. 


The 82786 supports two different video interfaces in 
order to support both standard DRAMs and dual port 
video 
DRAMs/(VRAMs). 
When 
using 
standard 


DRAMs the 82786 reads the video data from memory 
and internally serializes the video data to generate the 
serial video data stream up to 25 MHz. When using 
VRAMs the 82786 loads the VRAM shift register peri- 
odically; then the shift register and external logic gener- 
ate the serial video data stream. 


With standard DRAMs displays up to 640 by 480 by 8 
resolution can be generated at 60 Hz noninterlaced re- 
fresh. With VRAMs displays up to 2048 by 1936 by 8 
can be generated at 60 Hz without interlacing. 


In addition, horizontal and vertical sync signals and a 
blanking signal are provided and may be programmed 
to satisfy the requirements of nearly any CRT. 


In the standard DRAM mode all of the logic to support 
the advanced capabilities of the Display Processor such 
as panning, zooming, windowing, and switching be- 
tween various bits/pixel 
in various windows is con- 
tained internally in the 82786. Provision is also made 
for the addition of up to four external color look-up 
tables. 


Higher resolution displays (dot clock rates greater than 
25 MHz) can also be implemented by using external 
logic to trade-oft· bits/pixel for dot clock rates. Also, 
multiple 82786s can be used together for even greater 
performance. 


A 64 word (128 byte) direct-mapped register block is 
contained internally in the 82786 (Figure 4). Software 
may locate this register block to the beginning of any 
128 even byte boundary anywhere in the 82786 I/O or 
memory address space. No matter where these registers 
are mapped, they are only accessible by the external 
CPU. The Graphics and Display Processors can not 
access these registers. 


Registers, located at specified offsets within this block, 
allow programming of the BIU and Graphics and Dis- 
play Processors. The Graphics and Display Processors 
also have other registers which are only accessible 
through commands to these processors. These com- 
mands are initiated by writing into the corresponding 
opcode and address registers within this 128 byte regis- 
ter block. 


All of these registers are described in detail in the 82786 
data sheet. Do not use "Reserved" 
Registers. When 
these reserved registers are read, the data returned is 
indeterminate. Reserved Registers should only be writ- 
ten as zeros to ensure compatibility with future prod- 
ucts. 


Internal Register Address Offset 


OOh 


02h 


04h 


06h 


08h 


OAh 


OCh 


OEh 


Internal Relocation 


Reserved 


BIU Control 


Refresh Control 


DRAMIVRAM 
Control 


Display Priority 


Graphics 
Priority 


External Priority 


20h 


22h 


24h 


26h 


28h 


2Ah 


- 
Opcode 


Link Address 
(lower-word) 


Link Address 
(upper-word) 


Status 


Instruction 
Pointer (lower) 


Instruction 
Pointer (upper) 


Bus 


Interface 
Unit 


Registers 


Graphics 
Processo 
Registers 


Display 
Processo 
Registers 


3.0 
DEDICATED 
GRAPHICS 
MEMORY 
INTERFACE 


40h 


42h 


44h 


46h 


48h 


4Ah 


7Fh 


Opcode 


Memory Address 
(lower-word) 


Memory Address 
(upper-word) 


Register 
ID 


Status 


Default Video 


The 82786 coniains a full DRAMlVRAM 
controller 


on-chip which allows it to be connected directly to ar- 
rays of DRAMs without external logic. 


A wide range of DRAM configurations are possible for 
x 1, x 4 and x 8 bit wide DRAMs. Both Page Mode and 


inter 


DATA -----------~-----~-----~>----- 


Figure 5. Fast Page Mode Burst-Access 
Read Cycle 


Fast-page-mode burst accesses for block transfers are 
The following table shows the burst-access rate of these 
supported directly by the 82786 to take advantage of 
various configurations for a 10 MHz 82786. 


the fast sequential addressing capability of DRAMs 
(see Figure 5). Once the DRAM is set-up with the row 
address, the column addresses can be quickly scanned 
in for several burst-accesses to the same page. With the 
82786, Fast Page Mode bursts for block transfers run at 
twice the speed of page mode. 


Interleaving of two banks of DRAMs is also supported 
directly by the 82786. For a sequential burst access, 
DRAM cycles for both banks can be initiated. Then, 
during the burst access, the 82786 can alternate access- 
es between the two banks, thus cutting the effective 
DRAM access time in half (see Figure 6). 


Static Column DRAMs can also be used to get the 
same performance as Fast Page Mode. The only differ- 
ence between the two types is that Static Column 
DRAMs do not latch the column address, whereas, 
Fast Page Mode DRAMs do latch the column address 
on the falling edge of CAS. In noninterleaved configu- 
rations, Static Column DRAMs can directly replace 
Fast Page Mode. However, in an interleaved configura- 
tion, the column address must be latched externally for 
Static Column DRAMs. 


Page Mode 
Fast Page Mode 
and Static Column 


Noninterleaved: 
10 Mbyte/sec 
20 Mbyte/sec 


(2 cycles) 
(1 cycle) 


Interleaved: 
20 Mbyte/sec 
30 Mbyte/sec 
(1 cycle) 
(0.5 cycle) 


The other cycle times, and speeds at 10 MHz, are the 
same for all DRAM configurations: 


Single Reads 
3 cycles 
300 ns 


Single Writes 
3 cycles 
300 ns 


Read-Modify-Writes 
4 cycles 
400 ns 


Burst-Access Set-Up 
2 cycles 
200 ns 


Refresh 
3 cycles 
300 ns 


All burst-accesses for block transfers perform an even 
number of l6-bit word accesses. 


1MS~~ 
r- 


DATA8 -----------<~>-----<~>-----<~>----- 


DATAl --------------_<~,...----<~,...----<~ 


292007-5 


Figure 6. Interleaved Fast-Page-Mode 
Burst-Access 
Read Cycle 
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Burst-accesses for block transfers are used by all Dis- 
play Processor memory accesses except the operand for 
LD_REG 
and DMP JEG 
commands. Block-read 


accesses are used by the Graphics Processor for com- 
mand-block fetching and to fetch the character fonts. 
The Graphics Processor uses a block-read followed by a 
block-write for the read-modify-write 
operations 
of 


BitBlt, Scan_Line, 
and Character drawing. All other 


pixel drawing commands use single read-modify-write 
cycles. 


Up to 4 rows per bank, and I noninterleaved or 2 inter- 
leaved banks are supported (see Figure 7). Each bank 
must always be 16bits wide. If only one noninterleaved 
bank is used, it must be bank 0 (using CASO and 
BENO). If interleaving is used, both banks must have 
the same number of rows. In either case, if only one 
row is used, it must be row 0 (using RASO). For only 
two rows, row 0 and I are used (RASO and RASI). ' 
Similarly, three rows use row 0, I, and 2. 


The 82786 can directly drive up to 32 DRAMlVRAM 
chips. One 82786 pin shares two DRAM 
functions 


DRA9/RAS3. 
These functions are never both used in 


the same configuration. DRA9 is only used by 1M x I 
DRAMs, which limit the number of rows to only two 
due to both addressing (4 Megabytes) and drive (32 
chips) limitations. 


Figure 8 shows a full connection diagram for thirty-two 
64K x 4 DRAMs. Two interleaved banks of four rows 
each are used. Unlike mostDRAMIVRAM 
control- 


lers, no impedance-matching resistors are usually need- 
ed between the 82786 chip and the DRAMIVRAM 
chips. The impedance-matching 
for most configura- 


tions is handled internally by the 82786. This is also the 
connections required for x 4 VRAMs which use the 
BEN signal to control their OE/DT 
input which is 


used to determine when to load their internal shift reg- 
ister (Figure 9). 


If Static Column DRAMs are used in an interleaved 
configuration, an external latch is required to latch the 
column address for the second bank (Figure 8a). The 
'82786can directly drive up to thirty-two DRAM devic- 
es. For configurations requiring more than thirty-two 
devices, external buffering must be used. 


DRAMs with separate data-in and data-out pins (such 
as the x I DRAMs) require a tristate buffer for the 
data-out lines of each bank. (All of the rows within 
each bank may share the same tristate buffer). Figure 
10 shows a full connection 
diagram 
for thirty-two 


256K x I DRAMs including the tristate buffers. Two 
interleaved banks of one row each are used. This is a 
special case for .the RAS lines. Normally RASO would 
drive all of the DRAMs in both banks for the one row 
as in Figure '7. However, because the RAS lines have 
drive capability for only 16 DRAMs, both RASO and 
RASI are used. The 82786 recognizes this special case 
and automatically drives RASI identically to RASO. 


The other special DRAM case is using two rows of x I 
DRAMs in a noninterleaved configuration. This con- 
figuration has the advantage that only one bank of 
transceivers is required, but burst access time is re- 
duced by half from the previous example. Normally, 
CASO would be used to drive all 32 DRAMs, but be- 
cause of drive limitations, both CASO and CASI are 
used, (one for each bank). Again the 82786 recognizes 
this special case and automatically drives CAS I identi- 
cally to CASO. 
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Figure 8a. 82786 Driving 4 Rows of Two Interleaved Banks of 64K x 4 Static Column DRAMs 
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The table in Figure II shows all the possible configura- 
tions for 64K bit, 256K bit and 1M DRAMs. 


Care should be taken to ensure that all of the timings of 
the DRAMs 
usc:d, fit with those in the 82786 data 


sheet. To make the comparisons easier, the names of 
the parameter in the 82786 data sheet correspond to the 
names in most DRAM data sheets. In addition, the 
parameters have been broken into the same four groups 
used by most DRAM data sheets. 


The critical parameters for page mode DRAMs 
are 


generally: 


Single 
Singlewrt 
RMW 
Page rd/wrt 
rd/wrt/RMW 


Teae 
Trwl 
Tds(rw) 
Tds(i) 
Trp 
Tewl 
Toft 


Trcd 
Trah 
Tase 
Ton 


Some of the 82786 parameters may not be found in all 
Page Mode data. sheets. If no corresponding DRAM 
parameters 
for Tcaa or Tcar are specified, then the 


82786 spec may be ignored. The reason is that, if no 
such DRAM parameters exists, then the resulting mini- 
mum values for these parameters are at most: 


Tcaa = Tasc + Tcac 
Tcar = Tasc + Trsh 


Then as long as the Tasc, Tcac, and Trsh specs fit, the 
82786 timings guarantee Tcaa and Tear to fit. 


A third parameter that may not be found in all Page 
Mode data sheets is Ton. If x I DRAMs are used, the 
external data transceiver is responsible for meeting this 
and the DRAM is not required to meet this spec. If, 
however, x 4 or x 8 DRAMs are used, without the data 
transceiver, care must be taken to ensure that this spec 
is met. 


The critical parameters for Fast Page Mode and Static 
Column DRAMs are generally: 


Single 
Singlewrt 
RMW 
Fast-page-mode 


rd/wrt/RMW 
rd/wrt 


Trp 
Trwl 
Tds(rw) 
Tep 


Trah 
Tewl 
Toft 
Teaa 


Tase 
Teap 
Tds(n) 
Teah(i) 
Tds(i) 
Tdh(i) 
Ton(ri) 


For interleaved Static Column DRAMs, 
the address 


latch delay must be added to the DRAM parameters 
corresponding to the row and column addresses. These 
parameters are: 


-Tasr 
-Tasc 
-Tcaa 


For all types of xl DRAMs, Page Mode, Fast Page 
Mode and Static Column, the transceiver delay must be 
added to the DRAM parameters which correspond to 
read-data. These parameters are: 


-Trac 
-Teac 
-Tcaa 


Notice that all of the 82786 DRAM timings are speci- 
fied relative to the bus clock (CLK). This has two im- 
plications. First, a slower bus clock ean be used to al- 
low the 82786 to use slower DRAMs. Secondly, many 
of the parameters are determined by the duty cycle of 
the bus clock (as their specification is dependent on 
clock high or low time). A slightly nonsymmetric 
clock, such as the clock for the 80286, can be used for 
the 82786 CLK, but care should be taken to examine 
the effects on the DRAM 
timing. In some circum- 


stances, it may be advantageous to use a slightly non- 
symmetric clock. 


Some of the specifications are relative to the 82786 
clock period (Tc), while others are relative to a specific 
phase (THigh, TLow). 
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Non-Interleaved 
2-rovvs 
3-rovvs 


128K 
256K 
384K 
512K 
16 
32 
48' 
64' 


32K 
64K 
96K 
128K 
4 
8 
12 
16 


16K 
32K 
48K 
64K 
2 
4 
6 
8 


512K 
1024K 
1536K 
2048K 
16 
32 
48' 
64' 


128K 
256K 
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12 
16 


64K 
128K 
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4M 
- 
- 
16 
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512K 
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Figure 11. Possible 
DRAM configurations 
for 64K, 256K and 1 Mblt DRAMs. The top number 
In each 


box Is total memory 
size In bytes, the bottom 
Is the number of DRAM chips required. 


Look at this el[ample. Suppose you use 51C256H Fast- 
page-mode DRAMs with the 82786 as in Figure 10. 
First, look at the critical parameters 
shown above. 
Since it is not possible to create a precisely 50% duty 
cycle clock, you must consider clocks with a few per- 
cent tolerance. The table compares the 82786 using sev- 
eral 
clock 
frequencies 
and 
duty 
cycle 
toler- 


ances with two versions of the 51C256H. The table is 
ordered with the tightest timings first. 


From the table, you can see that the fast 120 ns access 
DRAMs can be used with the 82786 with a 10 MHz 
clock with as much as a 40%-60% 
duty cycle skew. 


The slower DRAMs can be used at 9 MHz with a tight- 
er 45%-55% 
duty cycle skew or at 8 MHz with a 


40%-60% 
skew. 


Parameter 
82786 Specifications 
51C256H DRAM Specs 


10MHz 
.10MHz 
9 MHz 
8MHz 
-12 
-15 


45-55% 
40-60% 
45-55% 
40-60% 
120 ns 
150 ns 


Tdh 
Min 
Tph 
22.5 
20 
25 
25 
20 
25 


Toft 
Max 
T1 + 3 
25.5 
23 
28 
28 
20 
25 


Teah 
Min 
Teh + 2 
26.5 
22 
24.5 
27 
15 
20 


Tep 
Min 
Tel- 
5 
17.5 
15 
20 
20 
10 
10 


Tds 
Min 
Tel- 
8 
14.5 
12 
17 
17 
0 
0 


Teaa 
Max 
2Te - 27 
73 
73 
83 
98 
55 
70 


Teap 
Max 
2Te - 21 
79 
79 
89 
104 
60 
75 


Tase 
Min 
Tel- 
5 
17.5 
15 
17.5 
17.5 
5 
5 


Trp 
Min 
2Te - 5 
95 
95 
105 
120 
70 
85 


Trwl 
Min 
Te - 9 
41 
41 
46 
53.5 
25 
30 


Tcwl 
Min 
Te - 
12 
38 
38 
43 
50.5 
25 
30 


Trah 
Min 
Te + 3 
53 
53 
58 
65.5 
15 
20 


Ton 
Max 
Te - 24 
26 
26 
31 
38.5 
25 
30 


Because these x 1 DRAMs require transceivers between 
their data outputs and the 82786, the transceiver delays 
must also be considered. The two parameters in the 
table above, that are affected are Tcaa and Tcap. The 
Uansceiver delay must be added to the DRAM access 
time for these parameters. This implies that the data-in 
to data-out time of the transceivers must be 18 ns or 
less for the 10 MHz -120 ns case and the 8 MHz 
-150 ns case. The delay must be 28 ns or less for the 
9 MHz -150 ns case and the 8 MHz -150 ns case. 


Two of the 82786 Internal Registers are used to config- 
ure the DRAM/VRAM 
Controller. Both of the regis- 


ters are typically set once during initialization and then 
never changed. The DRAMlVRAM 
Control Register 


is set to indicate the configuration of the DRAMs/ 
VRAMs used. The DRAMIVRAM 
Refresh Control 


Register is set to indicate the frequency of refresh cy- 
cles. Once programmed, the settings can be write-pro- 
tected using the write-protect bits discussed in Section 
4.2. 


It is reco=ended 
that 
all fields of the DRAM/ 


VRAM Control Register be written simultaneously to 
avoid illegal combinations. Also, no DRAM accesses 
should be attempted until the DRAMlVRAM 
Control 


Register has been set. For the configuration in Figure 
10 using one row of 256K Fast Page Mode DRAMs in 
two interleaved banks: 


15 
7 
6 
5 
4 
3 
2 
1 
0 


RESERVED 
~HT2: 
HTl : HTOI 


RESET DEFAULT: 
1 
1 
0 
0 
1 
0 
1 
I 
DRAhI/YRAhI 
HEIGHT (SIZE 
OF DRAhI CHIPS) 


o 
0 
0 
8K ( 1 ROW. 
8 COLUhlN) 


o 
0 
1 
16K (7 
ROW. 
7 COLUhlN) 


o 
1 
0 
32K 
( 7 ROW. 
8 COLUhlN) 


o 
1 
1 
64K 
( 8 ROW. 
8 COLUhlN) 
1 
0 
0 
128K 
( 8 ROW. 
9 COLUhlN) 


1 
0 
1 
256K 
( 9 ROW. 
9 COLUhlN) 


1 
1 
0 
512K 
( 9 ROW. 10 COLUhlN) 


1 
1 
1 
lh1 (10 
ROW. 10 COLUhlN) 


INTERLEAVE (1 = INTERLEAVED DRAhI BANKS) 


(0 = NONINTERLEAVED 
BANKS) 


FAST PAGE hlODE (1 = FAST PAGE hlODE DRAhI) 
(0 = PAGE hlODE DRAhI) 


DRAhI/YRAhI 
ROWS (NUhlBER 
OF ROWS OF CHIPS CONFIGURED) 
o 
0 
ONE ROW 
o 
1 
TWO ROWS 
1 
0 
THREE ROWS 


1 
1 
FOUR ROWS 


00 
1 1 1 0 
1 
= 
lDH 


UII 


L.L.L 256K 


INTERLEAVED 
FAST PAGE hlODE 
ONE ROW 
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DRAMlVRAM 
Refresh Control. 
Internal 
Register 


Offset 06H. is set to 18 as shown below. 
15 
6 
5 
4 
3 
2 
1 
0 


Reserved 
:Re~res~SC~lar: 


RESET Default: 
0 
1 
0 
0 
1 
0 


The 82786 CLK input is internally divided by 16.and 
then divided by the Refresh Scalar + I in the DRAM/ 
VRAM Refresh Control Register to determine the time 
between refresh cycles. Only one row of each DRAM! 
VRAM is refreshed at a time so refresh of the entire 
DRAMIVRAM 
requires 128,256,512 or 1024of these 


refresh cycles depending on the number of rows in the 
DRAMIVRAM. 


For example, the 51C256H DRAMs require a complete 
refresh every 4 ms (Tref). These DRAMs consist of 512 
address rows of 512 address columns. However, for re- 
fresh purposes, only 256 row addresses (AO-A7) need 
to be refreshed within the 4 ms refresh time. The A8 
input is not used for refresh cycles. (The 82786 main- 
tains a full 100bitrefresh address, the upper 2 bits are 
simply not used in this configuration). Assuming a 10 


MHz 82786 CLK, we can determine the value for the 
DRAMIVRAM 
Refresh Control register as follows: 


Tref x elK 


RefreshCount = 16 x Refresh-Rows - 
1 


4 ms x 20 MHz 
----- 
- 
1 = 18.53 
16 x 256 


The result should always be rounded down, so the 
DRAMIVRAM 
Refresh Control Register should be 


programmed with 18. This result is dependent only on 
the DRAMIVRAM 
type and the 82786 CLK frequen- 
cy. The configuration of the DRAMIVRAM 
chips 


does not matter. 


There is a latency time between the refresh request gen- 
erated by this count and the actual refresh cycle. The 
refresh will always occur as soon as the current bus 
cycle finishes. Refresh cycles can interrupt block trans- 
fers, but only at double-word boundaries. The worst 
case is if a refresh request occurs just after the 82786 
receives HLDA to begin a master mode block transfer. 
The 82786 must complete two master cycles before the 
refresh cycles can be performed. During this latency, 
further refresh requests may be generated. The 82786 
contains a refresh request queue that allows up to three 
refresh requests to be pending. As soon as the bus is 
freed, all queued refresh cycles will be run consecutive- 
ly. 


For the above example, refresh requests are generated 
every 15.2 IJ-swhich is derived using the following for- 
mula. 


· 
16 x (RefreshCount+ 1) 
RequesLtlme 
= 
ClK 


= 16 x (18 + 1) = 15.2 s 


20 MHz 
~ 


The amount of latency that the DRAMs will tolerate 
for each row is: 


AlioweLLatency=Tref-(RequestTime 
x Refresh_ 


Rows) 
=4 ms-(15.2 ~s x 256)=108.8 ~s 


But the real latency limit is that the 82786 allows only 
three requests to be queued: 


Maximul1L.latency = Queue_Size x Refresh_Time 


= 3 x 15.2 = 45.6 ~s 


Therefore, the maximum number of wait-states allowed 
for a 82786 master mode transfer is: 
WaiLStates 
= «Maximum_latency x PClK) - 


overhead)/bus-cycles 
«45.6 ~s x 10 MHz)- 7 cycles)/2 = 224 


Clearly, in this situation, refresh latency is not a prob- 
lem. If the system memory caused the 82786 to delay 
over 224 wait-states for a master-mode access, not only 
would DRAMIVRAM 
refresh be missed, but the dis- 


play refresh would also be lost. 


The 82786 always issues three refresh cycles following a 
RESET. Besides these fIrst three refresh cycles, the 
82786 does not perform any other DRAMlVRAM 
ini- 
tialization after cold or warm-reset. If the DRAMs/ 
VRAMs require other initialization cycles, the CPU 
should either perform dummy cycles to the DRAM! 
VRAM or wait until the refresh counter has requested 
enough refresh cycles to occur. 


If the DRAMIVRAM 
Refresh Control Register is set 


to all ones, refresh cycles are disabled. 


The 82786 system bus structure allows the 82786 to be 
easily connected to a variety of CPUs. The 82786 can 
act as both a slave ahd a master to the CPU's bus. As a 
slave, the CPU or DMA can perform read and write 
cycles to the 82786 Internal Registers or to the 82786 
DRAMIVRAM. 
As a master, the 82786 Graphics and 


Display Processors can perform read and write cycles 
to the CPU's system memory. 


The 82786 bus can operate in three different modes to 
handle various CPU interfaces. The 82786 determines 
which mode to use by sampling the BHE and MIO pins 
during RESET: 


BHE 
MIO 


Synchronous 
80286 bus 
1 
0 


Synchronous 
80186 bus 
1 
1 


Asynchronous 
bus 
0 
X 


For synchronous 80286 interfaces, the Reset and Clock 
inputs into the 80286 and 82786 must be common. For 
synchronous interfaces to 80186, the 80186 CLKIN 
must be the same as the 82786 CLK (so an external 
clock source must be used). The RES input into the 
80186 must meet a set up and hold time with respect to 
the CLKIN. The RESET for the 82786 should~en- 
erated from the RES (for 80186) by delaying RES by 
one CLKIN cycle and inverting it. This ensures that 
the 82786 phi is coincident with 80186 CLKOUT low. 


These pin states are easy to achieve for the synchronous 
modes. During RESET, the 80286 always drives BHE 
high and MIO low. 


CPUs with timings different from the 80286 must use 
asynchronous mode (however, CPUs such as the 80386 
can easily generate 80286 style timings). Care should be 
taken in this case to ensure BHE is low during RESET. 


In each of these three modes it is possible to confIgure 
the 82786 to allow both master and slave accesses or to 
simplify the logic to allow only slave access. In master 
mode, the 82786 always generates 80286 style bus sig- 
nals. 


If the 82786 is used as a master, it will activate its 
HREQ line when it needs to become the bus master to 
access system memory. It waits until HLDA is received 
and then begins driving the system bus. Once HLDA is 
received, a 10 MHz 82786 can perform system bus ac- 
cesses at the following rate (assuming 0 wait-states). 


single reads/writes 
4 cycles 


read-modify-writes 
6 cycles 


burst-access read/write 
2 cycles 


5 Mbyte/sec 
3.3 Mbyte/sec 
10 Mbyte/sec 


The 82786 will begin the fIrst master bus access on the 
cycle after HLDA is activated. The only delay is the 
time between when the 82786 activates HREQ and the 
system can release the bus and return HLDA. Most 
synchronous CPUs require a minimum of three cycles 
between the time HOLD is activated until they can re- 
turn HLDA. The 82786 will keep HREQ activated un- 
til it no longer has more accesses to perform to system 
memory (until either the next 82786 access is to the 
dedicated graphics DRAMIVRAM 
or until neither the 


Graphics or Display Processors require the bus.). Once 
the 82786 is done using the system bus, it will remove 
HREQ and is able to immediately access its Graphics 
DRAMIVRAM 
on the next cycle. 


It is potentially possible for the 82786 to require the 
system bus for a lengthy period of time. For example, if 
the 82786 has been programmed to give the Graphics 
Processor high priority, and the Graphics Processor ex- 
ecutes a command that requires a lot of access to sys- 
tem memory, then the system bus could potentially be 
held by the 82786 for several consecutive accesses. 
Drawing a long vector into a bitmap residing in system 
memory is such a command. In this case, the maximum 
time the 82786 can potentially keep the system bus is 
determined by the frequency of DRAMIVRAM 
re- 


fresh cycles programmed into DRAMlVRAM 
Refresh 


Control Register. 


If the CPU needs to regain control of the bus before the 
82786 is done, it may remove HLDA early. The 82786 
will then complete the current 
access and remove 


HREQ to indicate to the CPU that it may now take- 
over control of the bus. If the 82786 still requires more 
access to the system bus, it will re-activate HREQ two 
cycles after it had removed it and wait until the next 
HLDA. Since the 82786 removes HREQ for only two 
cycles, it is important that the CPU recognize it imme- 
diately. Otherwise a lock-out condition will occur in 
which the CPU is waiting for the 82786 to remove 
HREQ and the 82786 is waiting for the CPU to issue 
HLDA. This is not a problem for the synchronous in- 
terfaces. Extra logic may be required to prevent this 
situation if the 82786 is used as a master in an asyn- 
chronous interface and HLDA is ever removed prema- 
turely, especially if the CPU clock is significantly slow- 
er than the 82786 clock. 


Figure 12 shows the memory map as it appears to both 
the 82786 Graphics 
and Display Processors. These 
processors both use a 22-bit address which provides for 
up to 4 Megabytes of address space. They are only al- 
-lowed to make memory accesses so no I/O map is ap- 
plicable. 
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Figure 12. Memory Map for Graphics 


and Display Processors 
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Figure 13. Memory Map for System CPU 


The 82786 dedicated graphics DRAMlVRAM 
always 


starts at location OOOOOOh 
and grows upwards. The up- 


per address depends on the amount of DRAMlVRAM 
memory configured in the DRAMIVRAM 
Control 


Register. The system bus memory begins where the 
DRAMIVRAM 
ends and continues to the highest ad- 


dressable memory location 3FFFFFh. 


The memory map as it appears to the system CPU is 
shown in Figure 13. The area that the 82786 Graphics 
DRAMIVRAM 
is mapped into can be anywhere in the 


CPU address space and is completely defined by the 
address decode logic of the CPU system. Normally only 
the 
space for the 
configured 
graphics 
memory 
is 


mapped into CPU address space. If addresses above the 
configured graphics memory are mapped into the CPU 
address space, and the CPU writes to addresses above 
the configured 82786 memory, the write is ignored. Ifit 
reads from these locations, the data returned is unde- 
fined. 


The 82786 Internal Registers may be configured to re- 
side in memory or I/O address space. If configured to 
reside in memory, then they will override a 128 byte 
area of the 82786 memory address space for external 
(CPU) accesses. The Internal Registers are only acces- 
sible by the external CPU and therefore are never found 
in the 82786 Graphics or Display Processor memory 
maps. 


Suppose the 82786 is configured with 1 Megabyte of 
Graphics DRAMlVRAM 
and is used in an 80286 sys- 


tem. A possible memory map and connection diagram 
is shown in Figure 14. All of the 82786 memory is 
mapped into the 80286 address space. Also, a 3 Mega- 
byte portion of the 80286 system memory is mapped 
into the 82786. Since the 80286 has two more address 
bits than the 82786, a tristate buffer is used to supply 
the top two address bits when 82786 enters master 
mode. 
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Figure 14. Possible Memory Mapping for 80286/82786 
82786 Internal Registers are Memory Mapped 


Notice that the same memory corresponds to one set of 
memory addresses for the CPU and a different set of 
memory address for the 82786 Graphics and Display 
Processors. Although it is possible to make these ad- 
dresses match, it is not necessary as long as the control- 
ling CPU software understands 
the relationship and 


makes the simple conversion. Often it is not desirable to 
make the addresses match. For example, most CPUs 
use the lowest memory addresses for special purposes, 
such as for interrupt vectors. If the lowest CPU memo- 
ry were 82786 memory rather than the faster (for CPU 
access) system memory, then these operations would 
execute significantly slower. 


Even though the real addresses don't match, the oper- 
ating system for a CPU such as the 80286 could make 
the CPUs virtual addresses map easily to the 82786 real 
addresses. 


The 82786 Internal Registers may either be memory or 
I/O 
mapped. If they are memory mapped over the 


Graphics DRAMIVRAM, 
the CPU will not be able to 


access the 128 bytes of DRAMIVRAM 
which they 


cover, (although the Graphics and Display Processors 
can). If they are memory mapped above the Graphics 
DRAMlVRAM 
(over nonconfigured memory), then 


they will not prevent the CPU from accessing any of 
the 82786 memory, but they must be included in the 
CPU memory space that the address decoder allocates 
for the 82786. The 82786 Internal Registers may be 
I/O mapped, so they do not overlap any memory, how- 
ever the CPU chip select logic for the 82786 becomes 
slightly larger. Figure 15 shows a circuit similar to Fig- 
ure 14, except the registers are I/O mapped. Memory 
mapping the Internal 
Registers allows the software 


slightly more flexibility in accessing the registers. 
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Figure 15. Possible 
Memory 
Mapping for 80286/82786 
82786 Internal 
Registers 
are I/O Mapped 
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Figure 16. Possible Memory Mapping for 80186/82786 


Because graphics memory can be quite large, some sys- 
will not require the CPU to directly access the bit- 


tem designs might not allow all of the configured 
maps. If the CPU must gain access to the graphics 


Graphics DRAMIVRAM to be directly mapped by the 
memory which is not directly mapped to the CPU, the 


CPU. For example, if the 82786 has 2 Megabytes of 
82786 Graphics Processor can be instructed (using the 


Graphics DRAMIVRAM 
and is used with a 80186 
BitBlt command) to move portions of the Graphics 
processor, which can only address 1Megabyte, then the 
memory to and from the area accessibleby the CPU. 


80186can not directly access all of the 82786memory. 
In this case the CPU can be permitted to only access a 
portion of the graphics DRAMIVRAM. 
Figure 16 


shows a memory map and connection diagram for such 
a system. Since the 82786 has two more address bits 
than the 80186, a tristate buffer is used to supply the 
two highest add.ress bits when the 82786 is in slave 
mode. 


In many cases the CPU does not require accessto all of 
the graphics memory. For example, many situations 


Alternatively, the Graphics DRAMIVRAM areas can 
be bank switched to allow the CPU direct access at any 
portion of the graphics memory. Figure 17 shows the 
use of an I/O port (74LS173latch) to which the CPU 
can write the highest 3 bits of the address for the 82786 
slave accesses. 


In both Figures 16and 17,it is possiblefor the 82786in 
master mode to access the CPU memory addresses that 
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Figure 17. Possible 
Memory 
Mapping for 80186/82786 
Bank-Switching 
Allows 80186 to Access All 82786 Memory 


correspond to the 82786 slave addresses. In this case, 
the circuit will generate a 82786 chip-select, but the 
82786 will not respond to this chip-select while it re- 
mains in master mode. As long as the READY logic 
goes high (it may not since the 82786 will not perform 
the slave-access) then the 82786 will complete the mas- 
ter-mode cycle. By the time the 82786 returns to slave- 
mode, the chip-select will have gone away. 


Within the 82786 Internal Register block, the registers 
at offsets OOh--{)Fhare used by the Bus Interface Unit 


to control the system configuration (Figure 4). These 
registers are normally set once during power-up intiali- 
zation and never changed. 


Two of these registers, DRAMIVRAM 
Refresh Con- 


trol and DRAMIVRAM 
Control have already been 


discussed in Section 3.3. The rest of the registers are 
discussed in this section. 


The Internal Relocation Register defines the location of 
the 82786 Internal Registers anywhere in the 82786 
memory or I/O address space. 


inter 


Base Address: 
detcnnines bilS 21:7 of the Internal Register Block 
address (bilS 6:0 of the address are used as the 
offset). 


After RESET, any CPU slave 1/0 address to the 82786 
(which activates the 82786 Chip-Select) will access the 
Internal Register Block. During initialization, a write 
to the Internal 
Relocation 
Register should be per- 


formed to locate the Internal Register Block at specific 
even byte memory or 1/0 address. Once the write to 
the Internal Relocation Register occurs, the 82786 In- 
ternal Register Block no longer occupies all of 82786 II 
o space, rather it is restricted to just the 128 memory 
or 1/0 bytes specified. The Internal Registers can be 
located anywhere accessible by the CPU. However, if 
they are memory-mapped and located over configured 
graphics memory, they will take precedence over the 
memory for CPU accesses to those addresses. Graphics 
or Display Processor accesses to these addresses will 
still be directed to DRAM/VRAM. 
For example, writ- 


ing the value of 03F8h locates the Internal Registers at 
1/0 addresses FEOOh- FE7Fh. 


03F8h = 00סס oo 1111 lllO 0 
0 


I 
I 


I 
1/0 mapped 
Base Address OOFEOOh(offsets0-7Fh) 


Note that the address written to the Internal Reloca- 
tion Register determines the memory or 1/0 address 
that is required to be placed on the 82786 address pins 
during a CPU access to the 82786 Internal Registers. 
The actual CPU address used may be different, and is 
dependent on the chip select and memory mapping log- 
ic described in Section 4.1. 


There are four sources of requests for the 82786 bus: 


- 
DRAM/VRAM 
refresh 


- 
Display Processor 


- 
Graphics Processor 


- 
External Processor (CPU or DMA slave accesses) 


The DRAM/VRAM 
refresh requests are always top 


priority. That is, once the DRAM/VRAM 
refresh re- 


quest is made, the 82786 bus will complete the current 
bus access and then perform the DRAM/VRAM 
re- 


fresh. Three BIU registers are used to set the priorities 
of the other three bus requests. Two priority values are 
used: 


FPL - First Priority Level - priority used when proc- 


essor first requests bus. 


SPL - Subsequent Priority Level - priority used for 


processor to maintain 
bus during 
a block 


transfer. If a block transfer is interrupted, this 
is also the priority used to regain the bus to 
complete the burst access. 


When a processor first requests the 82786 bus, its FPL 
value is used. The processor with the highest priority 
gets access to the bus. Once the bus is granted, the first 
access occurs. If a multiple-word block transfer is per- 
formed the SPL value is then used as the priority to 
maintain the bus for subsequent cycles. As long as no 
other processor of higher priority requests the bus, the 
burst-access is allowed to continue to completion. If a 
higher priority request is made, the block transfer will 
be suspended and the bus granted to the new request. 
The suspended block transfer will not get the bus back 
until its SPL value is again the highest priority request. 


A separate register is used to program the priority for 
each of the three processors. Because the External 
Processor can not perform block transfers, no External 
SPL value is required for it. 


Display Priority - Internal Register Offset OAh 


15 
6 
5 
4 
3 
2 
1 
0 


Reserved 
I 
F P Lis 
P L 


RESET Default: 
1 
1 
0 
0 
1 
1 


Graphics Priority - Internal Register Offset OCh 


15 
6 
5 
4 
3 
2 
1 
0 


Reserved 
I 
F P LiS 
P L 


RESET Default: 
1 
0 
1 
0 
1 
0 


External Priority - Internal Register Offset OEh 


15 
6 
5 
4 
3 
2 
1 
0 


Reserved 
I 
F P L I 
Reserved 


RESET Default: 
1 
1 
1 


All of the priorities are programmable values from 0 to 
7, with 7 being the highest priority. If two processors 


intJ 


that are programmed with the same priority both re- 
quest the bus, the priority in which the bus will be 
granted for the two will be (from highest to lowest): 


- 
Display Processor 
- 
Graphics Processor 
- 
External Processor 


There are two exceptions to these programmable priori- 
ties. If the CPU makes a slave request while one of the 
82786 processors makes a master request, the CPU's 
request will always be handled first by the 82786 re- 
gardless of priority settings. This is necessary to prevent 
the lock-out situation where the CPU will not grant 
HLDA until it completes the bus access to the 82786 
and the 82786 will not complete the CPU bus cycle 
until the higher priority master cycle completes. The 
other exception is refresh cycles; they always will be 
handled while the 82786 is in a HLDA loop. 


The values programmed 
into these priority registers 
should be selected carefully. There is a performance 
penalty whenever a block transfer is interrupted. How- 
ever, if block transfers are not interrupted, then it is 
possible that one processor must wait a long time to get 
the bus while another is fmishing. A balance between 
overall bus performance and maximum tolerable laten- 
cy must be made. 


For example, if the Display Processor is not given high 
enough priority, it may not always be able to fetch the 
bitmapped display data fast enough to keep up with the 
CRT. When this happens, the Display Processor will 
not be able to send the correct video data to the CRT 
and will instead place the value in the FldColor Regis- 
ter on the VDATA pins. To prevent this, the Display 
Processor can be programmed for the highest priority 
(after DRAMIVRAM 
refresh). 


The Display Processor 
internally 
contains 
a FIFO 
which is used to buffer the bitmap data to be displayed. 
The FIFO consists of 32-double-words of 32 bits each. 
Each FIFO double-word contains the results of a 32-bit 
fetch from the bitmap memory. A double-word can 
therefore contain as many as 32 pixels, or as few as I 
pixel (such as at window borders). 


Display Control Processor Register Block 2 TripPt 
Register controls when this FIFO 
is loaded. If the 
TripPt value is set at 16, the Display Processor waits 
until the FIFO is half empty (only 16 double-words 
left) before it requests a new block transfer to refill the 
FIFO. The block transfer request will not end until the 
FIFO is again full (although the block transfer may be 
interrupted by a higher priority request). If the TripPt 
value is set at 20, the Display Processor will begin re- 
questing a new block transfer after only 12 FIFO dou- 
ble-words 
are emptied 
(20 left remaining). 
A low 
TripPt value generates fewer but longer block transfers 
and therefore the overall Display Processor bus effi- 
ciency is increased. However, a low TripPt value also 
requires that the bus latency be smaller. A low TripPt 
value means that there are less double-words left in 


the FIFO when the bus request is made. If the FIFO 
drains completely before the bus has been granted, then 
the FldColor Register value will be used from the cur- 
rent pixel through the end of the current scan line. The 
TripPt may be programmed to 16 or 20 using the Dis- 
play Processor LD_REG 
or LD_ALL 
commands. 


The Display Processor also keeps busy during Blank 
times. During Vertical Blank time it performs any com- 
mand loaded into its Opcode Register. During Hori- 
zontal Blank time it loads a new Strip Descriptor if 
necessary and begins fetching the first pixels on the 
line. The descriptor fetch begins as soon as the last pixel 
of the last line has been placed in the FIFO. If the 
Display Processor priority is not high enough to allow 
these fetches during Blank time, then again part of the 
display can not be generated correctly and FldColor 
will be used. Two bits in the Display Processor Status 
Register can be used to determine if the Display Proc- 
essor ever gets behind: 
bit-5 - 
DOV - Descriptor Overrun - set if strip de- 
scriptor fetch does not complete by the time 
horizontal blanking ends. 


bit-4 - 
FMT - FIFO 
Empty - set if the Display 
FIFO empties. 


Both bits are reset after reading the Status Register. 


The setting of the External Priority Register can greatly 
affect the performance of the external CPU when it 
performs an access to the 82786. Unless the External 
Priority is greater than the Graphics Processor, when- 
ever the Graphics Processor is busy with a command 
stream that demands significant bus bandwidth, 
the 
CPU may have to wait a significant amount of time 
before it can complete an access to the 82786. The CPU 
waits for the 82786 in the middle of a bus access until 
the 82786 returns the READY signal. During this wait 
time, the CPU will not be able to process anything, 
including interrupts. 
Of course, if the application is 
very graphics intensive and the CPU throughput is of 
lesser concern, then the Graphics Processor can be pro- 
grammed with a higher priority. 


Use the following priority values during your initial de- 
sign. Once the system is working properly, you may 
wish to tweak the values for optimum performance. 
The optimum values are dependent on the CPU and 
video speeds as well as the CPU and graphics instruc- 
tion mix and the window arrangement. In most cases, 
these 
registers 
will be initialized 
once 
and 
never 
changed. It may be advantageous in some specialized 
applications to adjust these values when the application 
changes modes. 


FPL 
SPL 


Display Processor 
6 
6 


Graphics 
Processor 
2 
2 


External 
Processor 
4 


Trip Point 
20 


inter 


o 
0 
000 
I 
WRITE PROTECTION 2 
WHEN SET: ALL BITS Of 
ALL BIU REGISTERS ARE 
PREVENTED fROt.4 CHANGING 
DURING WRITES. 


WRITE PROTECTION 1 
WHEN SET: ALL BITS Of ALL 
BIU REGISTERS ARE PREVENTED 
fROt.4 CHANGING DURING WRITES 
EXCEPT WPI 
AND WP2. 


DISPLAY PROCESSOR INTERRUPT 
SET WHEN DISPLAY PROCESSOR ISSUES 
AN INTERRUPT. 
CLEARED BY READ Of 
THIS REGISTER. 


GRAPHICS PROCESSOR INTERRUPT 
SET WHEN GRAPHICS PROCESSOR ISSUES AN 
INTERRUPT. 
CLEARED BY READ Of THIS 
REGISTER. 


EXTERNAL BUS SIZE 
O=B 
BIT BUS 
1 = 16 BIT BUS 


WAIT STATE fOR IAPX 1B6 
0- 
t.4AX 1 (2) 
WAIT STATES 
1 - t.4IN 2 (3) 
WAIT STATES 


VRAt.4 CONTROL 
0- 
USING STANDARD DRAt.4S 
1 - USING VIDEO DRAt.4S 


The BIU Control Register contains a miscellaney of 
bits. 


After the BIU Registers have been initialized, the WPI 
and WP2 bits can be used to protect all of the BIU 
Registers (82786 Internal Register offsets DOh- OFh) 
from being rewritten. This will prevent faulty software 
from going wild and placing the 82786 into an unwant- 
ed state. Once WPI is set, the only way to change the 
BIU registers is to reset WPI first. Once WP2 is set, 
there is no way for the software to modify the BIU 
registers until a 82786 hardware RESET is performed. 


After the 82786 causes an interrupt, the GI and DI 
interrupt bits are used to allow the software to deter- 
mine 
whether 
the 
Graphics 
or 
Display 
Processor 
caused the interrupt. It is possible that both of these 
bits may be set if both processors have caused an inter- 
rupt by the time the interrupt handler reads this regis- 
ter. In this case, both interrupts should be handled by 
the interrupt handler. 


Although it is not absolutely necessary to allow the 
82786 to interrupt the CPU, it is very desirable. Graph- 
ics Processor interrupts can inform the software when 


it has completed all the commands as well as to report 
error conditions. Display Processor interrupts can in- 
form the software when a new display field has begun. 
A new command can then be loaded into the Display 
Processor to be executed before the next display field. 
This facilitates operations such as smooth scrolling and 
blinking. The only hardware 
requirement 
to permit 


82786 interrupts is that the 82786 INTR pin is tied to 
one of the interrupt controller inputs. 


Although the 82786 always uses 16 bits, the 82786 can 
be used with both 8 and 16 bit processors. For an 8-bit 
CPU, separate transceivers are required for the low and 
high bytes to the 82786 (Figure 18). In both 8 and 16 
bit modes, graphics memory may be accessed a byte at 
a time. Although the 82786 internal registers may be 
read a byte at a time, they all are considered to be 16 
bits (even if some of the bits aren't used) and must 
always be written in 2·byte even-word pairs. In 16-bit 
mode, they must be written as a 16-bit word. In 8-bit 
mode, first the lower (even-address) byte is written and 
then the upper (odd-address) byte is written. With an 8- 
bit processor such as the 8088, both of the following 
assembly routines may be used to load the 16-bit BI- 
UControl Register with AX. 
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mov dX,BIUControl 
out dX,al 
;write AL into low-byte of BIUControl 
mov al,ah 
ine dx 
out dX,al 
;write AH into high-byte of BIUControl 


mov dX,BIUControl 
out dX,ax 
;write AX into BIUControl word 


In 8-bit mode, an even-byte write to an 82786 Internal Register does not change any of the 82786 Internal Registers, 
the data is simply saved until an odd-byte write to a 82786 internal register is performed. Then both the high and low 
bytes are written into that register. In effect, the even-byte address is ignored and an odd byte write will write into 
the register both the odd-byte data and whatever even byte data was last written, into the register address specified 
by the odd-byte access. There is no limit to the amount of time allowed between the even byte and corresponding 
odd-byte writes. An odd-byte write that is not preceded by an even byte will be ignored. 


The 82786 always comes up in 8-bit mode after RESET. This means that a 16-bit CPU should change the BCP bit to 
one. It must perform two byte-wide accesses to do this. The following initialization code can be used. 


mov dX,BIUControl 
mov al,30h 
out dX,al 


xor al,al 
ine dx 
out dX,al 


mov dX,InternalReloeation 
mov ax,03F8h 
out dx,ax 
;write 03F8h into InternalReloeation word 


The 82786 is first placed in 16-bit mode (using two 8-bit writes), then the 82786 Internal Registers are located at the 
desired address (which is done with a 16-bit write). Next, the DRAMlVRAM 
and priority registers should be 
initialized. Byte-wide writes into the 82786 Internal Registers can not be performed while BCP = 1. 


All the 82786 master mode operations are 16bits wide independent of the BCP bit. This means that system memory 
must be accessible 16-bits at a time if master mode is to be used. The WT bit is set to I on reset. The VR bit is reset to 
o at reset. 


The 82786 has been optimized for the 80286, which 
minimizes the interface logic requirements. Figure 19 
shows a 82786 connected synchronously to an 80286. 
Much of the logic, such as the 82288, chip-select, and 
ready, can be shared by the rest of the 80286 system. 


This configuration allows both master and slave access- 
es. The data transceivers allow the 80286 to access the 
82786 and graphics memory and the 82786 to access 
the 80286 system memory. They also provide the isola- 
tion required to allow the 80286 to access system mem- 
ory while the 82786 accesses graphics memory simulta- 
neously. The tristate butTer 74LS367 is used to pull the 
80286 upper address lines, CODIINTA, 
LOCK and 
PEACK to their proper states during master mode. If 
any of these signals are not used by the rest of the 
system, they need not be driven by a tristate butTer. 


If master mode is not required, MEN will stay low and 
three of the four gates driving the data transceivers can 
be eliminated. AJso, the tristate butTer, which is only 
used in master mode, may be eliminated. HREQ should 
be left open and the 82786 HLDA pin should be tied to 
ground so that the 82786 will never enter master mode. 


Both the 80286 and the 82786 internally divide-by-two 
the CLK input and use both phases. For the 82786 to 
run correctly with the 80286, these phases must be cor- 
related correctly. This can easily be done by observing 
the setup and hold times for rising RESET for both 
chips (see 80286 data sheet specifications and 82786 
data sheet specifications). The 82C284 chip will meet 
this requirement. 


Depending on the CLK speed and the type of DRAM/ 
VRAM used, the 82786 may have very stringent CLK 
duty cycle requirements (see Section 3.2). It may not be 
possible to use the internal oscillator of the 82C284 
chip but it may be possible to use an external oscillator 
to drive the 82C284 external clock (EFD pin. 


Clock skew between the 80286 and the 82786 should be 
kept to a minimum so the chips should be placed as 
close together as possible. 


When the 82786 bus is free, the circuit in Figure 19 
permits CPU slave accesses using 2 wait-states for 
writes and 3 wait-states for reads. Using DRAMs/ 
VRAMs with slightly faster access times, the circuit in 
Figure 20 permits both read and write slave accesses 
using 2 wait-states. The 82C284 SRDY input is used 
instead of ARDY. The 82786 SEN timing is such that a 
minimum of 2-wait states are always generated for 
writes but a minimum of 2 or 3 wait-states are used for 
reads depending on the use of SRDY or ARDY. Notice 
that with 2 wait-state reads, the SEN signal must be 
qualified with CS so that SEN does not extend into the 
cycle following the slave write. The most critical rela- 
tionship to be satisfied in order for 2 wait-state writes 
is: 


For a 10 MHz 82786 the DRAM/VRAM 
column ac- 


cess time must be: 


(if ARDY is used 
as in Figure 19) 


(if SRDY is used 
as in Figure 20) 


path from 80286 address to 82786 CS pin 
2 X clock period 
address valid 
2 X 286.Tl 
286.T13 
2 X SOns 
3Sns 
60ns 
path from 82786 SEN to 82C284 SRDY pin 
clock period 
SEN active 
286.T1 
82786.S18 
50 ns 
25 ns 
25 ns 
path from 82786 SEN to 82C284 ARDY pin 
clock period 
SEN active 


286.T1 
82786.S18 
50 ns 
25 ns 
10 ns 


read data valid ~ 82786.Ts22 + transceiver delay 
from SEN active to write data valid 


setup 
82786.Tsl 
5 ns 


ARDYsetup 
82C284.T13 
Ons 


SRDYsetup 
82C284.T11 
15 ns 


The master mode signals generated by the 82786 are all within the specification range guaranteed by the 80286. In 
other words, if the system memory is designed to function with the 80286, it will also be able to function with the 
82786. The only signals that may not be within the range of the 80286 specifications are the data bus signals due to 
the transceiver delays. Care must be taken to ensure that the memory subsystems that the 82786 is to be able to 
access in master mode can meet these more stringent requirements: 


data valid to falling clock after Tc phase 2 
82786 read data setup 
+ 
transceiver-delay 


82786.T8 
+ 
data in to data out 


5 ns 
+ 
Tprop 


data valid delay from falling clock after Ts phase 1 
82786 write data valid 
transceiver delay 


82786.T14 
data in to data out 


40 ns 
Tprop 


The clock skew between the 80286 and the 82786 must be considered in all these calculations. 
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The 82786 supports a synchronous status interface to 
the 80186. The 82786 bus clock and the 80186 x 1 
Crystal Input must be driven with the same external 
clock (EFI). The Reset inputs to the 82786 must be 
generated from the RES for the 80186 by delaying it by 
one clock (input). This guarantees that the 82786 Clock 
phase 1 is coincident with 80186 CLKOUT low. A syn- 
chronous 80186 interface is selected ifBHE is high and 
MIO is high prior to falling 82786 RESET. 


Generally this configuration will be used with a mini- 
mum of 3 wait states for the 82786 slave read and write 
accesses. Therefore the WT bit in the 82786 BIU Con- 
trol Register should be set. The 82786 slave accesses 
will then only be initiated when the 82786 CS is actual- 
ly activated. 


There is, however, a way to allow this interface to use a 
minimum-Ef 2 wait states (set WT = 0). Rather than 
wait for CS to go active, the 82786 can be allowed to 
request a slave access as soon as the 80186 status lines 
go active. If the 82786 is not in the midst of another bus 
cycle and the CI'U request is the highest priority, the 
bus will immediately be granted to the CPU and a bus 
cycle started. If the CS then goes active the 82786 can 
complete the access within 2 wait-states. If CS does not 
go active (because the 80186 is not accessing the 82786 
but rather its own memory or I/O) then the 82786 will 
abort the bus cycle by 'running a dummy 82786 bus 
cycle. 


If there is other RAM or ROM in the system besides 
the 82786 graphics DRAMIVRAM 
that the 80186 of- 
ten accesses, then this 2 wait-state will probably hinder 
rather than help performance. Every time the 80186 
fetches from its own system memory (such as an op- 
code fetch or operand access), and the 82786 bus is idle, 
the 82786 will waiStetime running a dummy cycle. For- 
tunately, the busier the 82786 bus is, the less likely it 
will be free when the 80186 initiates a bus cycle, and 
therefore the less likely the 82786 will waste time run- 
ning a dummy cycle. 


An asynchronous interface can be used to interface the 
82786 with nearly any CPU. The CPU clock and the 
82786 clock are independent and may run at different 
speeds. If the 80286 is connected asynchronously with 
the 82786 and both processors are run at approximately 
the same clock frequency, then the minimum possible 
wait-states is one more than for the corresponding syn- 
chronous mode. 


Figure 21 shows a slave-only 10 MHz 82786 interface 
to an 8 MHz 80186. At 10 MHz, the 82786 r~res 
that the address becomes valid S17= 80 ns after RD or 
WR falls and remains valid for S16= 130 ns. Because 
the 80186 address disappears the same cycle RD and 
WR fall, the address must be latched. This latched ad- 
dress can be shared by the other components on the 
80186 bus. 


Due to the indeterminate phase relationship between 
the CPU and 82786 clocks, care must be taken to en- 
sure the read/write 
data timings have enough slack. 


When the read data is sampled, and when the write 
data is removed is determined by the CPU's ARDY 
input. The 82786 SEN signal is used to generate the 
ready signal which ensures that the data is indeed avail- 
able. D-flip-flops can be used to delay the SEN signal to 
delay the CPU Ready signal. For a 10 MHz 82786: 


from SEN active to read data valid 


read data valid ~ 
82786.Ts22 + Tprop 
from SEN active to write data valid 


write data valid ~ 
82786.Ts20 


To initially place the 82786 into the asynchronous in- 
terface mode, the 82786 BHE pin must be low during 
the fallin~e 
of RESET. To ensure this, the 74LS373 


latch for BHE is tristated and an open-collector invert- 
er pulls down BHE during RESET. 


The 80386 processor can be interfaced to the 82786 
either synchronously or asynchronously. 
For a syn- 


chronous interface, standard logic can be used around 
the 80386 to emulate a 80286 style bus for use with the 
interface described in Section 4.3. In this configuration 
the 82786 bus would run at half the clock rate of the 
80386 (a 16 MHz 80386 would run with an 8 MHz 
82786 bus). For an asynchronous interface, the stan- 
dard local bus controller logic used by the 80386 to 
interface most peripherals can be used (Figure 22). 


Although the actual bus transfers of a synchronous bus 
are faster than for an asynchronous bus, there are cases 
where an asynchronous interface provides the highest 
performance. For example, for a given display resolu- 
tion, the Display Processor overhead of a 10 MHz 
82786 is a lower percentage of the total bus throughput 
than for an 8 MHz 82786. If the 82786 is used with a 16 
MHz 80386, then an asynchronous 
10 MHz 82786 


would have more bandwidth for the CPU and Graphics 
Processor than a synchronous 8 MHz 82786 and there- 
fore CPU accesses, generally, will be completed faster 
with the asynchronous interface. 
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For higher performance, it is possible to use several 
82786 chips in the same system. Any of the above 
CPU/82786 interfaces can be used to attach multiple 
82786s to one CPU in the system. Each 82786 will re- 
quire its own separate DRAM/VRAM 
array. 


The driving software for these multiple CPUs would 
most likely be sending nearly the same commands to all 
of the 82786s. Rather than forcing the software to write 
commands to each 82786 individually, it is possible to 
allow write commands 
to go to several or all the 
82786s. One method 
of determining 
which 82786s 


should receive the write command would be to first 
write to an I/O port in which each bit corresponded to 
a different 82786. In Figure 23, the port bits set to 0 
enable the corresponding 82786 for CPU writes. When 
a write to 82786 address-space occurs, all of the select- 
ed 82786s are chip-selected. The CPU will then wait for 
READY from all the selected 82786s before completing 
the bus cycle. In this manner, one, all, or any combina- 
tion of 82786s can be written into at once. 


Because it is impossible to read from several 82786s at 
once, a priority scheme is used on the 110 port to allow 
a read from only one of the selected 82786s. The circuit 
in Figure 23 only allows slave-accesses, the 82786s may 
not enter master-mode. 


If master-mode operation of the multiple 82786s is de- 
sired, each 82786 must access the bus separately. A 
priority scheme is used to determine which 82786 is 
awarded the bus when the CPU issues HLDA. With 
only two possible 82786 masters, the random circuitry 
to hold one 82786 off the bus while the other is using it 
is straight-forward (Figure 24). With more 82786 mas- 
ters, it is more feasible to use a state-machine (possibly 
implemented in PALs) to perform the arbiting. 


The video interface connects the 82786 to the video 
display. The 82786 is optimized to drive CRT monitors 
but may also be used to drive other types of displays. 
Because CRTs provide an inexpensive method of gener- 
ating moderate and high resolution, monochrome and 
color displays, this application note will concentrate on 
CRT interfaces. Section 5.10 briefly describes other dis- 
play interfaces. 


The video interface for a CRT is very dependent on the 
CRT requirements and the resolution and depth (bits/ 
pixel) of the image desired. The 82786 can be pro- 
grammed to directly generate all the CRT signals for 
up to 8 bits/pixel (256 color) displays at video rates up 
to 25 MHz. In addition, external hardware can be add- 


ed to allow a color look-up table or to trade-off the 
number of bits/pixel for higher display resolutions, or 
to use VRAMs. 


Some of the possible display configurations are shown 
below. The calculations assume a 60 Hz refresh rate. 
High resolution CRTs are often run at a slower rate, 
which permits the 82786 to generate significantly high- 
er resolutions than those in the following table. All cas- 
es assume a CRT horizontal retrace time of 7 f.Ls, ex- 
cept the 512 X 512 X 8 (10 f.Ls) and 640 X 400 X 8 
(13 
f.Ls) cases. 


Non- 
Interlaced 
Interlaced 


512 X 512 
8 Bits/Pixel 
(256 colors) 
640X400 
900X675 


640x480 


4 Bits/Pixel 
(16 colors) 
870x650 
1290x968 


2 Bits/Pixel 
(4 colors) 
1144x860 
1740x1302 


1 Bit/Pixel 
11472x1104 
2288X1716 


(monochrome) 


Multiple 82786s can be used together to generate even 
higher resolutions with more colors. For example, two 
82786s allow a non-interlaced 1144 X 860 sixteen color 
display. 


Non-Interlaced 


8 Bits/Pixel 
(256 colors) 
1024 X 1024 


4 Bits/Pixel 
(16 colors) 
2048 X 1024 


2 Bits/Pixel 
(4 colors) 
2048 X 2048 


1 Bit/Pixel 
(monochrome) 
4096 X 2048 


CRT monitors use a wide variety of interfaces. Some 
use TTL-Ievels on all inputs, others require analog in- 
puts. Some use separate color inputs (red, green and 
blue) and separate horizontal and vertical sync while 
others require that some or all of these signals be com- 
bined into composite signals. This application note will 
concentrate on the generation of separate color and 
horizontal 
and vertical sync signals. Standard 
tech- 


niques can be used to convert these separate signals into 
composite signals to meet the requirements of other dis- 
plays. 


The video clock (VCLK) required by the 82786 may be 
generated by a simple oscillator with TTL-outputs. Al- 
ternatively, the VCLK can be tied to the bus clock 
(CLK) (or any other available clock) if they are to run 
at the same speed. 


inter 


Figure 23. This Configuration 
Allows Several 82786s to be Written by 
80286 Simuitaneously-only 
Slave Accesses are Supported 
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Figure 24. Two 82786s Connected to 80286, Permits Slave and'Master Accesses 
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The simplest interface is to CRTs that use TTL-Ievel 
inputs. The 82786 can generate these signals directly 
(Figure 25). However, the drive requirements of the 
CRT and cabling may make it necessary to buffer the 
signals (Figure 26). The example monitor in both of 
these cases happens to use a CRT that uses four-bits of 
color information per pixel. This means that 16 differ- 
ent colors are available and the CRT can use the 82786 
1,2, and 4 bits/pixel modes but can not take advantage 
of the 8 bit/pixel (256 color) mode. A monochrome 
monitor with only one TTL-Ievel input could be con- 
nected directly to VDATAO and use the 82786 I bit/ 
pixel mode but it then can not take advantage of any of 
the higher bit/pixel modes. 


Taking advantage of the 8 bit/pixel mode of the 82786 
usually requires using a CRT with analog inputs. Sig- 
nals for color CRTs with three separate analog video 
inputs, (red, green, and blue) can be generated using 
three digital-to-analog 
converters (Figure 27). Often 


these digital-to-analog converters can be constructed 
using simple resistor ladders (Figure 28). With 8 bits/ 
pixel, usually three bits are used to select red, three for 
green and two for blue. This is because our eyes are 
much more sensitive to variations of red and green than 
of blue. These configurations can take advantage of all 
the 82786 modes; 1, 2, 4, and 8 bits/pixel. 


The VDATA pins may be assigned to the three colors 
in any manner desired. In Figure 29 they are assigned 
so that a variety of colors are available for each mode 
(1, 2, 4, and 8 bits/pixel). 
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VDATA6 


[ 
Green 
bit 0 
----- 


VDATA4 


Red 
bit 1 
bit 1 
bit 1 


Figure 29. VDAT A Pin Assignments 


- 
The 
most-significant 
Green 
bit is connected 
to 
colors. In this wayan 
8-bit/pixel bit-map can be used 
VDATAO so that in the one bit/pixel mode this bit 
to control the l6-bit colors. 
is controlled while the other bits are set to a con- 
stant level by the padding register internal to the 
Display Proceilsor. If, for example, the padding bits 
are all set to 2:ero,then a green and black image is 
shown in one bit/pixel windows. 
- 
With two bits/pixel the most significant Green and 
Red bits are controlled while the rest are padded to 
a constant value. If, for example, the padding bits 
are set to zero then the colors black, green, red, and 
yellow are available in two bits/pixel windows. 
~ 
Four bit/pixel windows contain two Green bits and 
the most significant Red and Blue bits making 16 
colors available. 
- 
Eight bit/pixel windows allow control of all eight 
bits to make all 256 colors available. 


Red 
bit 0 


Color Look-up Tables, also known as Video Palette 
RAMs, allow more colors to be available with a mini- 
mal of actual bits/pixel and thus a minimal amount of 
display memory is required for the bitmap. For exam- 
ple, in a system using 16 bits of color information, 
65536 different colors are possible. In such a system it 
is rarely necessary to display all 65536 colors on the 
screen simultaneously. It may be feasible to support a 
maximum of 256 colors simultaneously, providing that 
these 256 selections can be any combination of the 
65536 available colors. Color look-up tables permit 
such a cost-effective system. 


A block diagram of such a system is shown in Figure 30 
and Figures 30a and 30b show actual circuits. The col- 
or look-up table can be loaded with up to 256 l6-bit 


VCLK 


HSYNC/WSO 


VS;YNCIWS1 
8279; 
BLANK 


The host CPU is responsible for loading the l6-bit col- 
ors into the look-up table. To load a color into a specif- 
ic location in the look-up table, the 82786 Display 
Processor can be programmed to output the 8-bit ad- 
dress on the 8 VDATA pins during the horizontal and 
vertical blank times or on RESET by setting the De- 
fault Video Register. Then the CPU can load the color 
value into the l6-bit latch. 


The circuitry in Figure 30 will then automatically write 
the l6-bit value into the look-up table during the next 
horizontal sync time. The CPU should generate the 
74AS373 latch enable input so that the latch can be 
mapped into memory or I/O space and loaded by a 
CPU write. The register between the 82786 and the 
Palette RAM is used to allow the use of a RAM with a 
slo~er access time. This register is not necessary if a 
faster RAM is used. 


The CPU program should wait until the color is loaded 
into the look-up table before loading the next color. 
One way to ensure this is to route the LookupLoading 
signal through a port which the CPU may poll. Sample 
assembly language code for this configuration follows 
this section. Another way is for the CPU program to 
delay a sufficient amount of time to ensure that HSync 
has occurred before writing the next value. 


Hybrid circuits can be used which combine the func- 
tions of the look-up table, analog-to-digital conversions, 
and voltage shift for composite sync signals into one 
package. Figure 30b shows such a configuration. This 
particular hybrid circuit internally contains a 16 X 12- 
bit look-up table, 4 bits for each red, green, and blue. 
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Figure 31~.Block Diagram of Color Look-Up 
Table Used to Generate 
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in 
test 
jnz 
mov 
mov 
mov 
out 


al,StatusPort 
al,LookupLoadingBit 
Wait 
aX,EightBitAddr 
DefaultVDATA,ax 
aX,SixteenBitColor 
LookupLatch,ax 


;read port 
;test LookupLoading 
bit 
;wait til last load completed 
;get 8-bit value to load 
;make 82786 output during BLANK 
;get l6-bit color 
;write color into latch 


The look-up table is loaded by first writing the location 
into the 82786 DefaultVDATA 
register. Then a 4-bit 
color value is loaded into the latch along with color-se- 
lect information. Therefore, in one load it is possible to 
place this 4-bit color value into any combination of the 
red, green, and/or blue tables. 


5.5 
Using the Window Status Signals 


A graphics system design may require that the video 
data bits for different windows be interpreted in differ- 
ent ways. For example, the attributes controlled by var- 
ious video data bits may need to be changed between 
windows for different tasks or number of bits/pixel. 
For these reasons, two Window Status bits are available 
externally which reflect a value which may be individu- 
ally programmed for each window. These two pins al- 
ways reflect the window which the display is currently 
scanning. The software is responsible for placing the 
two bit values for each window in the Tile Descriptor 
list. 


In addition, the cursor can be programmed with a value 
for the window status bits which can be programmed to 
override the status bits from the windows for the por- 
tion of the display where the cursor resides. 


The Window Status bits are multiplexed 
onto the 
HSync and VSync pins. Since they are only applicable 
during the visibll: display time, and since HSync and 
VSync are only applicable during the non-visible dis- 
play time, Blank can be used to de-multiplex these pins 
(Figure 31). 


A mode bit (bit 4 of CRTMode) in the Display Proces- 
sor enables the Window Status bits so they become 
multiplexed onto the HSync and VSync signals. This 
bit must be set when the Window 
Status signals 


are used. In systems where the Window Status bits are 
not needed, this bit can be reset so that the HSync and 
VSync pins remain low during the visible display. This 
allows simpler systems to use HSync and VSync direct- 
ly eliminating the need to AND these pins with Blank. 


As an example, suppose the interpretation of the video 
data bits by a color look-up table was to be different for 
different windows. Possibly four different look-up ta- 
bles are required for four different types of 8 bit/pixel 
windows. A large look-up table (1024 words) could be 
divided into four areas, one for each of the window 
interpretations. Then the Window Status bits could be 
used to select the area of the look-up table to be used 
for each specific window. Essentially four look-up ta- 
bles would be available, one for each of four different 
types of windows. Figure 32 illustrates such a system. 


The system also requires circuitry to load the look-up 
table such as that in the previous section. Note that the 
look-up table's Window Status inputs must be generat- 
ed directly from the CPU when the RAM is to be load- 
ed since they can not be programmed in specific states 
during the blank time as the VDATA pins can. 


Another use of the Window Status bits is to allow 1, 2, 
4, and 8 bit/pixel windows to each use a different look- 
up table along with a fifth look-up table for the cursor. 
A 1024 word look-up table above could be split up into 
four areas as above. Two of the areas can be used for 
two separate 8 bit/pixel look-up table and the other two 
shared by the I, 2, and 4 bit/pixel windows for two 
separate look-up table for each of I, 2, and 4 bits/pixel 
(Figure 33). The padding bits can be used to sub-divide 
this second area into separate tables for I, 2 and 4 bit! 
pixel windows. Finally, this same table could also be 
used for twelve look-up tables, four each for I, 2, and 4 
bit/pixel windows. 
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5.6 
Higher I=lesolutlons with 
Standard 
DRAMs 


The Video Clock rate on the 82786 can be a maximum 
of 25 MHz. For a non-interlaced display refreshed 60 
times per second this limits the resolution to 512 X 512 
or 640 X 400 or equivalent displays. 640 X 480 can 
also be achieved using a CRT with fast horizontal re- 
trace. Still, some graphics system designs may require 
more detailed displays and therefore more resolution. It 
may very well be:cost-effective to trade-off the number 
of bits/pixel 
for higher resolution. This is especially 


true in the case of monochrome displays where 256 
grey-shades are not required but high resolution is. 


The 82786 allows this trade-off to be made very effec- 
tively. Figure 34 shows how a video data rate of up to 
50 MHz may be obtained with 4 bits/pixel (16 colors). 
The 82786 is USI:dto output 8 bits of video data at a 
25 MHz rate. The external multiplexer switches be- 
tween the low 4 bits and the high 4 bits at a rate of 50 
MHz. The register before the multiplexer is used to 
ensure that enough set-up time is provided for the mul- 
tiplexer. The register after the multi~lc:xer ensur~ th~t 
the video data out has smooth transItions. The cIrcuIt 
uses an inverter and one register stage to divide the 50 
MHz clock by 2 to create the 25 MHz video clock for 
the 82786. Instead of a multiplexer such as the 74S157, 
a 74AS298 chip could be used which contains the mul- 
tiplexer and the register in the same package. 


The software has a minimum number of changes. The 
Graphics Processor is programmed identically and ma- 
nipulates the bitrnaps in the conventional. man.ner (~I- 
though it does not make sense to use 8 bIts/pIXel blt- 
maps since they cannot be displayed). The display proc- 
essor programming is slightly different. The Accelerat- 
ed Video control bits (CRTMode bits 1,0) are set for 
High 
Speed video 
(01). 
The 
HSynStp, 
HFldStrt, 


HFldStp, and Linel-en registers are programmed for 
half the number of dot clocks (because the 82786 
VCLK is half the speed of the pixel dot clock). 


The Strip and Tile Descriptors list also change only 
slightly. Windows are programmed for same number of 
bits/pixel and FetchCount as they would be for non-a~- 
celerated modes. However, windows may only be POSI- 
tioned horizontally to start on even pixel boundaries. 
That is, they may only start at every-other pixel, not at 
any pixel as permitted 
with non-accelerated 
modes. 


This is because both an even and odd pixels are output 
on the VData pins simultaneously and it is not possible 
to mix windows during a single VCLK. The only valtd 
values for the start/stop 
bits are listed in the following 


table. Notice that the Accelerated Modes do not permit 
all possible bitmap depths because fewer than 8 bits/ 
pixel are available to the display. 


Vertically, the windows may still be positioned at any 
pixel. The programming of the one pixel horizontal and 
vertical borders also does not change. 


High-Speed video mode also requires that the Field 
windows are programmed with half the number of ac- 
tual pixels for the pixel count (BPP/Start/Stopbit) 
reg- 


ister which again restricts horizontal positioning to a 
two pixel resolution. 


The horizontal cursor position is programmed as half 
the actual value so the positioning is also restricted to a 
two pixel resolution. 
Vertically, the cursor 
is pro- 


grammed as normal. Since the cursor is only a I bit/ 
pixel region, every other horizontal pixel reflects only 
the cursor padding value so although simple cursor pat- 
terns are possible, arbitrary shapes are not possible with 
the box cursor. For this reason, the programmer may 
wish to create the cursor in software when using these 
high-resolution modes rather than use the 82786 hard- 


None 
High-Speed 
Very-High-Speed 
Super-High-Speed 


Bltmap Depth 
(25 MHz) 
(50 MHz) 
(100 MHz) 
(200 MHz) 


Start Bit 
Stop Bit 
Start Bit 
Stop Bit 
Start Bit 
Stop Bit 
Start Bit 
Stop Bit 


1 bit/pixel 
0-15 
0-15 
odd 
even 
15,4,7,3 
12,8,4,0 
15,7 
8,0 


2 bit/pixel 
odd 
even 
15,11,7,3 
12,8,4,0 
15,7 
8,0 


4 bit/pixel 
15,11,7,3 
12,8,4,0 
15,7 
8,0 
- 


8 bit/pixel 
15,7 
8,0 
- 
- 


inter 


ware cursor. The crosshair cursor works well in Accel- 
erated Mode, although the horizontal and vertical lines 
become two pixels wide and horizontal positioning is 
also limited to two pixels. 


It is also possible to use external hardware to create the 
cursor. One method is to program the cursor as invisi- 
ble (transparent and all background) and use the cur- 
sor's window status signals to activate the external 
hardware. 


The horizontal zoom capability is also affected. Rather 
than replicating each individual pixel, pairs of pixels 
are replicated. Vertical zoom works as normal. 


Figure 35 shows a configuration for video data rates of 
up to 100 MHz with 2 bits/pixel. A shift-register is 
used to multiplex the 8 video bits from the 82786 into 
2-bit streams. A 74AS74 flip/flop is used to divide the 
100 MHz clock by four. Every fourth clock the 82786 
VCLK is raised and the shift registers are loaded with 
the previous 82786 VDATA. The video data is delayed 
two cycles by this circuit while the Sync and Blank are 
delayed only one. This should not be a problem if the 
82786 is programmed to generate the correct Sync. The 
82786 is limited to positioning the sync transitions at 
multiples of four pixels. If more accurate positioning is 
required, extra flip/flops can be used to delay sync for 
more cycles. 


The timing in Figure 35 is very tight and the circuit 
may not operate at 100 MHz over all operating temper- 
atures. The limiting speed path is the 74FI95 shift-reg- 
ister parallel-load time (delay from clock to outputs 
valid) which must meet the set-up time of the 74AS374. 


Figure 36 shows a configuration for video data rates of 
up to 200 MHz with I bit/pixel. Unfortunately, there is 
no TTL-Iogic available today which will run at the 
speeds required for 200 MHz. Therefore ECL or some 
other high-speed logic must be used to generate video at 
these high rates. Figure 36 converts the video data sig- 
nals from the 82786 from TTL to ECL levels and then 
uses ECL shift-registers to generate the 200 MHz sig- 
nal. 


The software for the configurations in Figures 35 and 
36 requires changes similar to the Figure 34 case. The 
window StartBits and StopBits are programmed 
re- 
stricted as shown in the preceding table. The pixel 
count for Field regions is also one-fourth or one-eighth 
the actual size. Horizontal positioning is also restricted 
to four and eight pixels for the 100 MHz and 200 MHz 
rates respectively. The Accelerated Video control bits 
must also be programmed for these configurations. 


After the video signals are accelerated to these higher 
speeds, color look-up tables and analog-ta-digital con- 
verters may be used. The circuits in the previous sec- 
tions must be adapted for these higher speeds. 
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If more colors or resolution are required than possible 
with one 82786 at a given resolution, several 82786s can 
be used together to generate the necessary bits/pixel. 
Figure 37 shows two 82786s used together to generate 
16 bits/pixel at a 25 MHz video rate. This configura- 
tion would allow a 640 X 480 display with 65536 col- 
ors. 


Both 82786s' video must be kept in sync. To allow this, 
one 82786 is programmed as normal to generate the 
master video horizontal and vertical sync. The second 
82786 is programmed for slave video sync with the 
Slave CRT control bit in the CRTMode Register (Dis- 
play Processor register 5-bit 3 set). The HSync and 
VSync lines of the slave 82786 then become inputs and 
are driven by the HSync and VSync output lines of the 
master 82786. If the window status signals are used, the 
master's HSync and VSync signals should be qualified 
with the Blank signal (similar to Figure 31) to correctly 
drive the slave 82786 HSync and VSync inputs. Win- 
dow Status signals are only available from the master 
82786 since the slave uses these pins as inputs. 


Both 82786s should have six of their eight video timing 
registers 
(HSyncStp, 
HFldStrt, 
HFldStp, 
LineLen, 


VSyncStp, 
VFldStp, 
VFldStrt, 
FrameLen) 
pro- 


grammed identically; HFldStrt and HFLdStp should be 
programmed to be 2 less than the master. (These pa- 
rameters are calculated in Section 5.11.) 


The slave 82786 will then automatically sync itself up 
to the master 82786 by waiting for its HSync input to 
fall before each scan line and waiting for its VSync in- 
put to fall before beginning a new display field. If a 
non-interlaced display is used, the two 82786s will al- 
ways be in sync. 


If an interlaced display is used, care must be taken to 
ensure both 82786s start on the same field. The easiest 
way to ensure they lock in sync correctly is to ensure 
they start scanning the display simultaneously. First set 
up the slave 82786 CRTMode and video timing regis- 
ters with a LD_ALL 
command. The slave 82786 will 


then be ready to begin scanning the display but will 
wait until HSync and VSync fall. HSync and VSync 
will be floating because they are tristated by all the 
82786s. Then the master 82786 can be set up with a 
LD_ALL 
command to program its CRTMode and 


video timing registers. Once the master starts scanning, 
the HSync and VSync signals will be driven by the mas- 
ter and all 82786s will begin on the even interlaced 
field. 


-- 
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Processors should be programmed for 8-bit/pixel bit- 
maps of identical size. To draw in both bitmaps, a 
graphics command block (GCMB) can be created for 
both 82786s. These GCMBs are generally identical for 
both 82786s except for the color values for the Def_ 
Color and the mask·value for the Def_Logical_Op 
commands. 
To display 
16 bit/pixel 
bitmaps, 
both 


82786s should be given an identical Strip Descriptor list 
for each to display 8 bits of each 16 bit pixel. 


Similarly, 8-bit/pixel bitmaps could be created by split- 
ting the bitmaps between both 82786s having each 
82786 responsible for 4 of the 8 bits/pixel. This would 
split the work between the two 82786s so that the 
BitBlt and ScalL-Line fill graphic commands will exe- 
cute twice as fast. Also, because the Display Processor 
bus overhead is split between the 82786s, there will be 
less bus contention so all other drawing commands will 
be faster. 


Alternatively, 8-bit/pixel bitmaps could be generated 
by only one of the 82786s. This would minimize the 
overhead between the host CPU and the- 82786 since 
the CPU must communicate with only one 82786. 


The method in which the 16video data bits are mapped 
into colors for the display interface will determine 
which of the two above methods will be used for bit- 
maps of 8 bits/pixel or less. If the mapping is flexible 
enough, it may be feasible to create any bitmap depth. 
For example, 9 bits/pixel bitmaps could potentially be 
created using one 82786 for 8 bits and the other for 
only 1 bit of each pixel. 


The displays discussed in the previous section obtained 
high resolutions at the expense of bits/pixel. 
Several 


82786s can be combined to provide more bits/pixel at 
these high resolutions. 


Figure 38 shows a configuration that uses two 82786s 
to create a 4-bit/pixel 
display at a video rate 
of 


100 MHz. This configuration would support a 1144 X 
860 sixteen-color non-interlaced 60 Hz display. Each 
82786 is required to generate 2 bits of each 4-bit/pixel. 
Therefore, both 82786s draw and maintain half of the 
bitmap in their own graphics memory, 4-bit/pixel win- 
dows are divided into two 2-bit/pixel bitmaps, one gen- 
erated by each 82786. The Graphics Processors are pro- 
grammed as normal for 2-bit/pixel bitmaps. The Dis- 
play Processors are programmed the way mentioned in 
the previous section. Each window is programmed with 
one-fourth the horizontal positioning resolution. 


inter 


The 82786 can use dual-port video DRAMs (VRAMs) 
to generate the video data stream. The VR bit in the 
BIU Control Register must be set to 1 to enable the 
mode. In this mode the first tile in each strip generates 
VRAM cycles; the second tile and any subsequent tiles 
in the strip generate DRAM cycles. In VRAM Mode, a 
minimum of two tiles must exist. The first tile is pro- 
grammed for the VRAM. The second tile must be pro- 
grammed to be a field tile detailed by the F bit in the 
Tile Descriptor if no hardware overlays are required. 
There is no limit on the number of strips. The pixel 
data for every scan line in the entire display must be 
contained in a single row in memory (256 words for 
non-interleaved memory and 512 words for interleaved 


memories). The Strip Descriptors for each VRAM tile 
are set up to indicate only 1 pixel. The address specified 
for this pixel corresponds to the first display pixel. 


During the horizontal retrace period, the 82786 trans- 
fers the contents of the memory row containing the first 
pixel into the VRAM shift register. The VRAM shift 
clock is gated with a Blank signal. During the active 
display time, the shift clock is active and periodically 
clocks out the video data. External multiplexers must 
be used to convert the l6-bit (32 interleaved) data 
stream into a serial stream depending upon the bits per 
pixel needed (Figure 9). 


In this mode, pixel depth is fixed by external hardware 
and all Display Processor registers referring to video 
data fetch should be programmed to zero. 
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Few 82786 applications will require, or even benefit 
from, the use of an external character ROM. 


The 82786 Graphics Processor can very rapidly draw 
characters. It can fill an 80x25 character screen with 
highly detailed l6x 16 characters in less than one tenth 
of a second. 


The Graphics Processor is also very flexible in the way 
it draws characters. Characters may be: 
- 
formed from an unlimited number of character 
fonts 
- 
placed at any pixel on the screen 


- 
rotated in 4 directions with 4 paths 
- 
combined with graphics 
- 
drawn in any color 
- 
have transparent or opaque background 


A character ROM display forces characters from a pre- 
defined font to be restricted to character-cell positions 
on the screen with few, if any, of the above flexibilities. 
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For downward compatibility reasons, however, it may 
be necessary to provide the character ROM function in 
a 82786 system. Figure 39 illustrates a system capable 
of displaying both character 
ROM text and 82786 


graphics. A multiplexer is used to switch between the 
character ROM output and the direct 82786 output. 
One of the window status bits is used to switch the 
multiplexer so both the character ROM and the 82786 
graphics windows can be shown simultaneously on the 
same screen. It is important to delay the direct 82786 
VDATA and window status signal the same number of 
clocks as the character-cell video so that all signals get 
to the multiplexer on the same clock. The extra D-flip/ 
flops before the multiplexer are used to perform the 
needed delay. 


The character ROM in Figure 39 is capable of display- 
ing 256 characters using a 9x14 pixel character-cell. 
The characters are stored as an 8-bit pixels within a 
82786 bitmap. To display the character, the window is 
programmed as an 8-bit/pixel bitmap with a horizontal 
zoom of 9 and a vertical zoom of 14. The 82786 will 
then place the 8-bit character code on its VDATA pins 
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during the scan lines when the character is to be dis- 
played. The pixel counter is used to load the shift regis- 
ter every 9 pixels. This counter is synchronized to the 
beginning pixel of the window by starting when the 
window status pin falls. The row counter is used to 
supply row infonnation 
to the character ROM. This 
counter is synchronized to the frame by starting from 
the end of the VSync pulse. Therefore, any character 
ROM window must begin at a multiple of 14 scan lines 
after VSync. 


Another situation in which a character ROM display 
may be practical is if a very large character set is re- 
quired. The Japanese Kanji characters are an example. 
The size of this character set is so large that it may be 
more practical to store the characters in a character 
ROM rather than load them from disk into the 82786 
graphics memory. Figure 40 illustrates a configuration 
that can display up to 65536 characters from a very 
detailed (32x32) font. This circuit allows both text and 
graphics windows to be displayed on the screen simul- 
taneously. One of the window status signals is used to 
select between text and graphics. 


Such a character set requires a high resolution, general- 
ly monochrome display. The circuit in Figure 40 allows 
up to 200 MHz video (one bit/pixel) for very high reso- 
lution screens. The 82786 is programmed 
in super 
High-Speed Acceleration Mode as described in Section 
5.6. 


The character-codes to be displayed should be placed in 
one bit/pixel bit-maps with 16 consecutive bits for each 
character. The hardware combines the 8-bit VDATA 
values from two consecutive pixels to generate the 16- 
bit character-code for the Character-ROM. If less than 
65536 characters 
are required, not all of the 16-bit 


character code addresses need be used for the charac- 
ter-ROM. Some of these bits may be used for attributes 
such as blinking and reverse video. The ROM contains 
a 32x32 character font, each character is split up into 
32-lines of four 8-bit bytes. The "pane" counter selects 
one of the four 8-bit bytes at a time. The "row" counter 
determines the current row of the character. 


Character cell windows should be zoomed by 2 hori- 
zontally and by 32 vertically. The window must be 
placed at a multiple of 4-pixels from HSync and a mul- 
tiple of 32-lines from VSync. It is possible to place win- 
dows at non-multiples from HSync and VSync if the 
"pane" and "row" counter parallel inputs are tied to 
other than ground. 


5.10 
Combining the 82786 With Other 
Video Sources 


It is possible to combine graphics output 
from the 


82786 with output from other video sources such as 


broadcast TV, video recorders, and video laser disc 
players. The main requirement to perform such a feat is 
that both 82786 and the video source are locked in 
sync. 


The 82786 has two independent Video Slave modes and 
HSynclVSync and Blank can be independently config- 
ured as outputs or inputs. When HSynclVSync are pro- 
grammed as inputs, then they are still outputs during 
the active display period if the window status is en- 
abled. External HSynclVSync reset the 82786 horizon- 
tal and vertical counters respectively. 


When Blank is configured as output, the active display 
period is determined by the programmed 
values of 


VFldStrt, 
VFldStp, 
HFldStrt, 
and 
HFldStp. 
When 


Blank is configured as an input, the external system 
determines the active display period. The internal video 
shift register generates video data only during the active 
display period. 


HSynclVSync 
and 
Blank would normally 
be pro- 


grammed as input/output 
as follows: 


HSyncl 
Blank 
Application 
VSync 


Output 
Output 
Normal display generated 
by 


82786 


Input 
Output 
82786 generated 
display 


or 
superimposed 
on externally- 


generated 
video or 
Input 
Input 
Multiple 82786 systems 


The 82786 sync timing registers should be programmed 
to be as close to the frequency of the video source as 
possible. The 82786 should also be programmed for 
slave video-sync. The sync signals from the video 
~ource must be converted into separate TTL-level hori- 
zontal and vertical sync and fed to the 82786 HSync 
and VSync pins. The 82786 will then automatically 
sync itself up to the video source by waiting for its 
HSync input to fall before each scan line and waiting 
for its VSync input to fall before beginning a new dis- 
play field. 


For many applications, the 82786 video clock can be 
derived directly from a crystal oscillator. Since the 
82786 syncs up to the nearest pixel on every scan line, 
even video sources with imperfect timings, such as vid- 
eo recorders where speed variations are common, will 
produce an acceptable picture. The frame-to-frame de- 
viation of the 82786 graphics information on the screen 
relative to the video source will never be more than one 
pixel. 
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For more demanding 
applications, the 82786 video 


clock can be synthesized directly from the video source 
timings using a phase-locked-loop circuit. The 82786 
will still sync itself up every scan line, but now the 
relationship between HSync and the 82786 VCLK will 
remain constant. This implementation will create virtu- 
ally no deviation between the 82786 graphics and the 
video source. 


In the case of interlaced video, care must be taken to 
initially start the 82786 display just prior to the VSync 
before an even-field. The 82786 initialization software is 
responsible 
to 
guarantee 
that 
the 
first 


LD~LL 
to start the 82786 display occurs sufficiently 


before the VSync during an odd-field so the first 82786 
display field will match the video source even-field. 


Once the 82786 is locked in sync with the video source, 
then the VDATA information from the 82786 can easi- 
ly be combined with the video from the video source. 
Although the two video signals could be mixed on top 
of each other, probably the most common implementa- 
tion is to switch between one or the other source. For 
example, the 82786 could create letters that are to be 
placed over the video picture. During the display scan, 
whenever a portion of a letter is to be displayed, the 
video from the 82786 can be switched in, otherwise the 
video source is switched in. 


If the output of the video source is analog, the 82786 
VDATA can be converted into an analog signal and an 
analog switch can be used. The state of the switch can 
be derived in a number of ways. If the switching is to be 
done on window boundaries, one window status pin can 
be used to control the switch. If the switching must be 
done within a window, a special graphics color code 
can be used to indicate that the 82786 video should be 
replaced with that from the video source. Possibly the 
color 11111111 could be placed on the VDAT A pins 
and an 8-input NAND gate used to control the analog 
switch. 


5.11 
Other Types of Displays and 
Printers 


The 82786 not only can be used with CRTs, but can 
also be used with other types of displays such as LCD, 


plasma, and intelligent printers. These devices have 
such a wide range of interface requirements that space 
does not permit each individual situation to be ad- 
dressed in detail. Rather, some example requirements 
are discussed to illustrate how the 82786 can meet those 
needs. 


The rate at which pixels are clocked into displays can 
vary immensely. The 82786 allows a very wide range of 
video clock frequencies from DC levels to 25 MHz to 
accommodate such devices. In addition, faster clock 
rates can be generated using the method described in 
Section 5.6 


Printers and some displays are not required to be con- 
tinuously refreshed. Needlessly running the 82786 Dis- 
play Processor through refresh cycles steals bus band- 
width from the Graphics and other Processors. To 
eliminate this waste, the display can be turned off by 
resetting the DspOn bit (bit 0) in the Display Processor 
VStat Register (register number 0). When DspOn is 
reset, the Display Processor will continue to generate 
HSync, 
VSync, 
and 
Blank 
and 
place 
Default- 


VDATA on the VDATA lines, but no bus bandwidth 
will be required. 


When a change to the display is required, the DspOn 
bit can be set using the LD-.-REG or LD~LL 
com· 


mand. Once the refresh starts, 
another 
LD_REG 


command to turn the display back off can be placed in 
the Display Processor Opcode Register. The Display 
Processor will then automatically execute it when the 
refresh is completed. 


Some displays that do not require continuous refresh, 
do have a long update time. It may take several seconds 
to update every pixel on the display. For small changes 
to the display, such as adding each character as it is 
typed by the user, it may be much more feasible to 
update only the portion of the display which is affected. 


inter 


Using the very flexible windowing capability of the 
82786, it is possible to only scan through a specific por- 
tion of the display. 


Some displays, especially those which allow only partial 
display updates, require that pixel location addresses be 
generated along with the pixel data. Although external 
circuitry could be used to generate these addresses, the 
82786 can be used to generate them directly. If a single 
8-bit address is all that is required, the Default Video 
register 
can be programmed 
to a value that 
the 
VDAT A pins will reflect during blank time. With prop- 
er programming of the sync timing registers, this value 
can be clocked into the display before each scan line 
using HSync. 


More complex pixel addresses can be generated by us- 
ing the 82786 windowing capability. By creating a thin 
window at the beginning of each scan line, one or more 
bytes 
of address 
information 
can 
be 
sequentially 


clocked out over the VDATA pins before each line. 


Because some displays use either slow refresh times or 
don't require refresh at all, it is possible to have very 
high resolutions. All of the display counters in the 
82786 are 12bits allowing up to a 4096 X 4096 display 
size (some of this resolution may not be available de- 
pending on the number of sync clock cycles required). 
Trading off bits/pixel for resolution, the Accelerated 
Modes can provide 2, 4, or 8 times this resolution hori- 
zontally, up to 32768 pixels. 


Still, some applications, such as printers, may require 
even greater resolutions. This is possible with the 82786 
using external counters to generate the HSync, VSync, 
and Blank inputs for the 82786. The 82786 should be 
programmed 
for slave video mode by setting 
the 
CRTMode 
Register 
(Display 
Processor 
Register 
5, 
Blank Slave Mode and HSynclVSync Slave Mode, bits 
2 and 3 should be set). Using all 16 horizontal win- 
dows, 
the 
horizontal 
resolution 
may 
be 
up 
to 
4096 X 16 = 65536 pixels. Again, trading off bits/pix- 
el for resolution, the Accelerated Modes can provide 2, 
4, or 8 times this resolution, up to 524288 pixels. Verti- 
cally there is no limit to the resolution. 


Such high resolutions require a lot of memory. For ex- 
ample, suppose a printer can generate 300 x 300 dots 
per square inch and is used on 8.5 x II inch paper. 
Assuming only one bit/pixel (no gray scale) the entire 
page would require: 


300 X 300 X 8.5 X 11 
8 bits 


It may not be feasible to place this much memory into a 
printer. But it may be feasible to generate the display 
one strip at a time. Suppose that the first 300 lines are 
generated and printed. Once printed the next 300 lines 
can be generated and printed using the same memory. 
Now the memory required is only: 


300 X 300 X 8.5 
------ 
= 96 Kbytes 
8 bits 


If the image to be printed can be described by a set of 
commands for the Graphics Processor, each strip can 
be very easily generated. The drawing bitmap and clip- 
ping rectangle are set for the first strip and the Graph- 
ics Processor then runs through 
the command list. 


Once completed the strip may be printed. Then the bit- 
map and clipping rectangle are set for the second strip 
and the Graphics Processor again traverses the same 
command list to generate the second strip. 


If there is enough memory for two strips, double buffer- 
ing can be used to pipeline the operation. While the 
Display 
Processor 
is busy printing 
one strip, 
the 


Graphics Processor can be generating the next strip. 
The same approach can be extended to multiple pages, 
even using more than one 82786. 


The 82786 video Display Processor is programmable to 
afford a wide variety of display formats. To determine 
the display format(s) that one would like to generate, 
several parameters must be considered. 


Application parameters: these are dependent 
on the 


needs of the specific application and must be chosen by 
the designer. 


Hres-horizontal 
resolution - 
number of pixels per 


horizontal line. When using Accelerated Video Modes, 
Hres must be a multiple of Accel (following pages). 


Vres-vertical 
resolution - 
number of vertical pixels 


(scan lines) per display 


Vfreq-vertical 
frequency - 
rate at which CRT beam 


makes one pass from the top of the screen to the bot- 
tom. It is common to use 60 Hz but almost any other 
frequency can be generated by the 82786. US broadcast 
television standards use a 59.95 Hz rate. European vid- 
eo systems are based on a 50 Hz field rate. High resolu- 
tion displays often use 40 Hz or lower. Slower rates 
reduce the speed requirements of the monitor and the 
82786 video circuitry and also permit higher resolu- 
tions. However, slower rates also flicker more and may 
be intolerable to the operator. Generally, rates signifi- 
cantly under 60 Hz will tend to cause some perceptable 
flicker unless CRTs with long persistence phosphor are 
used. 


ILC--interlacing 
- 
A non-interlaced display generates 
the entire display frame in one field sean. One method 
to double the resolution of a display is to use interlac- 
ing. Rather than use just one field to display all the 
information, two consecutive fields are used to create 
the entire display frame (Figure 41). Alternate scan 
lines are written during each alternate field. For TV- 
like pictures, where the image generally doesn't change 
drastically from one line to the next, interlacing allows 
a 30 Hz frame rate with a 60 Hz field rate without 
perceptable flicker. For detailed computer 
graphics, 
however, one line may change drastically from the next 
in color and/or intensity, in which case interlacing at 
such rates do cause perceptable flicker. 


The 82786 supports both non-interlaced and interlaced 
displays. In addition, an interlaced-sync mode is avail- 
able which generates sync signals in the manner used 
by interlaced displays, but generates the video signals in 


~"""'~:::~::::: 
.... ~.. 


the manner used by non-interlaced displays (both fields 
identical). This permits interlaced screens with consec- 
utive pairs of lines identical. 


Monitor parameters: these are dependent on the specif- 
ic requirements of the display monitor used. 


Hblank-horizontal 
blanking time - 
the time required 
for the CRT beam to jump from the right side of the 
display back to the left and stabilize. This is also called 
horizontal retrace time and is the sum of the horizontal 
sync and front and back porch times (Figure 42). Moni- 
tors typically range from 5-12 
JLs. 


Vblank-vertical 
blanking time - 
the time required 
for the CRT beam to jump from the bottom of the 
display back to the top and stabilize. This is also called 
vertical retrace time and is the sum of the vertical sync 
and front and back porch times (Figure 43). Monitors 
typically range from 600-1400 
JLs. 
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Hfreq-horizontal 
frequency - 
the frequency at which 


horizontal lines are scanned. Monitors typically range 
from 15-36 kHz. 


Vfreq-vertical 
frequency - 
the frequency at which 


the display field is scanned. Monitors typically range 
from 40- 70 Hz. 


BPP-bits 
per pixel - 
monitors with digital inputs re- 


strict the number of usable bits/pixel. Monitors with 
analog inputs allow a virtually unlimited range of inten- 
sities with the use of Digital-to-Analog converters. This 
parameter is mainly dependent on the video interface 
hardware described in the previous sections. 


Color monitors generally limit the perceivable horizon- 
tal and vertical resolution due to their shadow mask. 
See the specific monitor specifications for more details. 


Video interface parameters: these are dependent on the 
82786 component and the video interface logic. 


VCLK-video 
clock frequency - 
the video input clock 


into the 82786. It has a maximum rate of 25 MHz and 
may be chosen so that the frequency evenly divides by 
both Hfreq and Vfreq. 


Accel-82786 
video acceleration - 
this parameter is 


determined by what mode the 82786 is used in. Nor- 
mally Accel = I. If the trade-offs mentioned in Section 
5.6 are used to attain higher video rates at the expense 
of fewer bits/pixel, then the value for Accel should be 
2,4, or 8. 


Video 
Max 
Programmed 


Mode 
DotClk 
Accel Bits 


Accel = 1 Normal 
25 MHz 
00 


Accel = 2 High Speed 
50 MHz 
01 


Accel = 4 Very High Speed 
100 MHz 
10 


Accel = 8 Ultra High Speed 
200 MHz 
1 1 


DotClk-pixel 
dot clock frequency - 
this is normally 


the same as VCLK. However, when accelerated video 
modes are used, this is either 2, 4, or 8 times VCLK. 


HSyncStp, 
HFldStrt, 
HFldStp, 
LineLen-these 
are 
values programmed into the 82786 Display Processor 
to determine the horizontal scan timing (Figure 42). 
They may be set to any value from 0 to 4095. Their 
values should also fit the formula: 


HSynStp < HFldStrt < HFldStp < LineLen 


VSyncStp, VFldStrt, 
VFldStp, FrameLen-these 
are 
values programmed into the 82786 Display processor to 
determine the vertical scan timing (Figure 43). They 
may be set to any value from 0 to 4095. Their values 
should also fit the formula: 


Once the above parameters are evaluated, the video pa- 
rameters can actually be calculated. The parameters in- 
teract quite heavily so that, for example, if a specific 


horizontal and vertical resolution at a specific field rate 
is required, the monitor frequencies and blank times 
may need to be altered. It may take several iterations to 
optimize all the parameters. The calculations can be 
performed by hand. However, a much easier way to 
manipulate these values is by using a spreadsheet pro- 
gram. A spreadsheet allows the parameters to be easily 
manipulated with their affects immediately displayed. 
A spreadsheet template for this purpose is given in Sec- 
tion 5.13. 


The following formulas are used to determine the video 
parameters. Along with the formulas is an example cal- 
culation. For the example, let's generate a 640 X 400 
X 8 bit/pixel (256 color) screen at 60 Hz non-inter- 
laced. We will assume: 


Hres 
Vres 
Vfreq% 
Hblank% 
Vblank% 
Accel 


640 pixels 
400 pixels 


60 Hz 
12/-'s 
= 1300 /-,S 
1 (no external acceleration) 


Variables with a percent (%) after them represent de- 
sired values, the actual value will be calculated below. 


ROUND(X) will be used to denote rounding off X to 
the nearest integer. 


First, calculate the vertical resolution per field. Since 
our display is noninterlaced, the value is the same as 
the vertical resolution. 


Ifinterlaced then: VresFid = Vresl2 
else: VresFld = Vres Vresfld 


= 400 pixels 


With interlaced screens, VresFid is half the vertical res- 
olution. For example, with 525 lines, use 262.5 for 
VresFld. 


Now, calculate the horizontal frequency required. Sub- 
tract the vertical Blank time from the vertical period 
and divide by the active vertical lines to obtain the hori- 
zontal period. Inverting all that gives the horizontal 
frequency. 


1 
Hfreq% = ---- 
Hperiod% 


VresFld 


(1IVfreq%)- Vblank% 


400 
= (1/60) - 1300 /-'S = 26.03 kHz 


In a similar manner, calculate the pixel dot clock re- 
quired. 


DotClk%= 
1 
DotPeriod% 


Hres 


(1/Hfreq%) - Hblank% 


640 
------- 
= 24.23 MHz 
(1/26.03 kHz)- 
12/-'s 


And then calculate the actual 82786 VCLK. Since ex- 
ternal acceleration circuits are not used in our example, 
it turns out to be the same as the DotClk. 


VCLK%= DotClk%/ Accel = 24.23 MHz/ 1 


= 24.23 MHz 


Great, now all we need is a 24.23 MHz crystal is need- 
ed to generate VCLK. But since such a crystal is tough 
to fmd, try a 25 MHz crystal instead and see how it 
affects the rest of the parameters. First of all, the pixel 
dot clock changes. 


DotClk= VClkx Accel = 25.00 MHzx 1 = 25.00 MHz 


Now, see how many VCLK's are required for the hori- 
zontal blank time. 


HblankClks= ROUND(VCLKx Hblank%) = ROUND 
(25 MHzx 12 /-,s)= 300 


Hbl 
k _ HblankClks_ 
300 
_ 
an 
- 
VCLK 
- 25 MHz- 12 /-'S 


The actual horizontal period is then the time required 
to display one line of pixels plus the Blanking time. 


Hfre 
= 
1 
q 
(Hres/ DotClk)+ Hblank 


1 
= (640/ 25 MHz)+ 12 /-'S = 26.60 kHz 


The number of horizontal lines per frame can now be 
calculated: 


VFrameLines= ROUND(Hfreq/ Vfreq%) 
= ROUND(26.60kHz/ 60 Hz) = 443 


If an interlaced display is used, VFrameLines should be 
rounded-off to the closest odd integer. 


The number of scan lines determines the actual vertical 
frequency: 


Vfreq = Hfreq/ VFrameLines= 26.60 kHz/ 443 


= 60.05 Hz 
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are satisfied with them, we can break up the Blanking 
times into sync, front and back porch times. Typical 
monitor values are: 


HSync = 2!'-s 
HBack = 6!'-s 
VSync = 300 !'-S 
VBack = 800 !'-S 


HSyncClks = ROUND (VCLK x HSYNC) 


= ROUND (25 MHz x 2 !,-s) = 50 


HBackClks = ROUND (VCLK x HBack) 


= ROUND (25 MHz x 6 !,-s) = 150 


VSyncClks = ROUND (Hfreqx VSYNC) 


= ROUND (26.6 kHz x 300 !,-s) = 8 


VBackClks = ROUND (Hfreq x VBack) 
= ROUND (26.6 kHz x 800 !,-s) = 21 


Now it's a simple matter to calculate the values for the 
eight 82786 Display Processor video timing registers. 


HSyncStp = HSyncClks - 
3 
= 50 - 3 = 47 


HFldStrt = HSyncStp + HBackClks 


= 47 + 150 = 197 


HFldStp = HFldStrt + (Hres / Accel) 


= 197 + (640 / 1) = 837 


LineLen = HBlankClks + (Hres / Accel) - 
3 


= 300 + (640 / 1) - 
3 = 937 


VSyncStp = VSyncLines - 
1 
=8-1=7 


VFldStrt = VSyncStp + VBackLines 


= 7 + 21 = 28 


VFldStp = VFldStrt + Vres 


= 28 + 400 = 428 


VSyncStp 
VFldStrt 
VFldStp 
FrameLen 


= (VSyncLines x 2) - 
1 


= VSyncStp + (VBackLines x 2) 
= VRes Total 
= VFrameLines - 
2 


In the preceding formula, VResTotal equals the Verti- 
cal Resolution for Field I plus the Vertical Resolution 
for Field2 as shown below. 


VFrameLines equals the total number of HSyncs in an 
entire frame. 


Make sure LineLen > HFldStp and that FrameLen > 
VFrameLines. If not, your parameters are inconsistent 
and you should modify your requirements and re-calcu- 
late. 


Finally, the bits for the CRTMode Register should be 
determined. For our example, non-interlaced mode is 
used and no accelerated video is required. Assuming 
the 82786 is used to generate the HSync, VSync and 
Blank signals and assuming the window Status pins are 
not used, the CRTMode registers should be loaded with 
all zeros. 


inter 


CRTMode - 
Display Processor Register #5 


15 
7 
6 
5 
4 
3 
2 
I 
RESER':'ED I 
I~ 
~ 
B 


o 


A:A 


I 
ACCELERATED 
VIDEO 
BITS 


o 
0 
NORMAL 
SPEED 
(UP 
TO 
25 MHZ) 
o 
1 
HIGH SPEED 
(UP 
TO 
50 MHz) 
1 
0 
VERY HIGH 
SPEED 
(UP 
TO 100 
MHz) 
1 
1 
SUPER 
HIGH 
SPEED 
(UP 
TO 200 
MHz) 


BLANK 
SLAVE 
MODE (1 = EXTERNAL 
BLANK) 


HSYNC, 
VSYNC 
SLAVE 
MODE (1 = EXTERNAL 
SYNC) 


WINOOW 
STATUS 
PINS 
(1 = ENABLE) 


INTERLACE 


o 
0 
NON-INTERLACED 
o 
1 
RESERVED 
1 
0 
INTERLACE 
1 
1 
INTERLACE-SYNC 


The host CPU software is required to load the values of 
the eight video timing registers and the CRTMode Reg- 
ister. Generally, this is done during system initializa- 
tion. The registers should all be loaded simultaneously 
using the LD~LL 
command rather than using indi- 
vidual LD_REG 
commands. This ensures that the 
video sync signals are never invalid while registers are 
being loaded. 


Some CRTs can be permanently damaged by supplying 
the wrong sync frequencies to them. To prevent invalid 
video sync signals, the HSync, VSync, and Blank pins 


are tristated after RESET until the CRTMode Register 
has been written to. 


5.13 
A Spreadsheet 
for Calculating 
Video Parameters 


As seen in the previous section, quite a number of cal- 
culations are required to determine the 82786 video pa- 
rameter constants. Often several iterations through the 
calculations are required to optimize the display for- 
mat. This process can be greatly simplified by using a 
spreadsheet. 


inter 


An example of the output from such a spreadsheet is 
shown below. This example illustrates a 1290 x 968 x 
4-bit/pixel 
(16 color) interlaced 60 Hz display. The 
user has supplied all of the values under the "DE- 
SIRED" column and the spreadsheet program has cal- 
culated the rest. The "ACTUAL" 
column shows the 
closest timings and parameters that the 82786 can actu- 
ally supply. The "82786 DP REGISTER 
VALUES" 
shows the values that should be programmed into the 
Display Processor Registers to generate such a display. 


The user can easily modify the "DESIRED" 
values un- 
til the "ACTUAL" values meet the application's needs. 
Care should be taken to ensure that all "ACTUAL" 
values are logically correct. If for example, any of the 
calculated parameters 
are negative, then the set of 
"DESIRED" 
parameters can not produce such a dis- 
play, so some parameters must be adjusted. 


Video 
Clock 
VCLK 
(MHz): 
25 
25 
Acceleration 
(1,2,4 
or 8) : 
2 
2 
Interlacing 
(1 = no, 2 = yes): 
2 
2 
Horiz 
Resolution 
(Pixels): 
1290 
1290 
Vert. 
Resolution 
(Pixels): 
968 
968 


Horiz 
Line 
Rate 
(kHz) : 
--- 
30.487 
LineLen: 
818 
Horiz 
Sync Width 
(fJ-s): 
2 
2 
HSyncStp: 
48 
Horiz 
Back 
Porch 
(fJ-s) 
: 
4 
4 
HFldStrt: 
148 
Horiz 
Front 
Porch 
(fJ-s) 
: 
1 
1 
HFldStp: 
793 


Vert. 
Frame 
Rate 
(Hz) : 
60 59.956 
FrameLen: 
1015 
Vert. 
Sync Width 
(fJ-s) 
: 
200 
196.8 
VSyncStp: 
10 
Vert. 
Back 
Porch 
(fJ-s) 
: 
400 
393.6 
VFldStrt: 
34 
Vert. 
Front 
Porch 
(fJ-s) 
: 
213.2 
VFldStp: 
1002 


The template follows. This template should be easily 
adaptable to nearly any spreadsheet program. This par- 
ticular spreadsheet program uses @ROUND(X,O) to 
denote rounding to the nearest integer. If no rounding 
function is available in your spreadsheet programJ you 
can substitute the integer function (which truncates the 
fractional portion to return the next lowest integer) for 
the round function: 


After entering the template into your favorite spread- 
sheet, you may wish to verify that it is working correct- 
ly by entering the "DESIRED" 
values of the above 
example 
and 
checking 
that 
the 
"ACTUAL" 
and 
"REGISTER" 
results match. 


------------A------------ 
---B--- ------------C------------- 
---D--- -----------------E------------------- 
1: 
82786 
VIDEO 
PARAMETERS 
2: Type under DESIRED column only: ACTUAL & REGISTER columns are calculated 
3: -------------------------------------------- 
4: 
PARAMETER 
DESIRED 
ACTUAL 
82786 DP REGISTER VALUES 
5: 
6: 
7: 
8: 
9: 
10: 
11: 
12: 
13: 
14: 
15: 
16: 
17: 
18: 
19 : 
20: 


Video Clock 
VCLK (MHz): 
Acceleration 
(1,2,4 or 8) : 
Interlacing (l=no, 2=yes): 
Horiz Resolution 
(Pixels): 
Vert. Resolution 
(Pixels): 


+B6 
+B7 
+B8 
@ROUND(B9/C7,0)*C7 
@ROUND(BIO,O) 


Horiz Line Rate 
(kHz): 
(C6*lOOO)/{E12+2) 
LineLen: 
@ROUND{C6*B15,O)+E15 
Horiz Sync Width 
(JLs) 
: 
(E13+2)/C6 
HSyncStp: 
@ROUND{C6*B13,O) -3 
Horiz Back Porch 
(JLs) 
: 
{E14-E13)/C6 
HFldStrt: @ROUND{C6*B14,O)+E13 
Horiz Front Porch 
(JLs) 
: 
(El2-E15)/C6 
HFldStp: 
+E14+{C9/C7) 


Vert. Frame Rate 
(Hz): 
(C8*C12*lOOO)/(E17+C8) 
FrameLen: 
@ROUND{{C12*lOOO)/B17-{C8-1)/2,O)*C8-1 
Vert. Sync Width 
(JLs) 
: 
((E18+C8)*lOOO)/{C12*C8) 
VSyncStp: 
(@ROUND{{C12*B18)/lOOO,O)-1)*C8 
Vert. Back Porch 
(JLs) 
: 
((E19-E18)*lOOO)/{C12*C8) VFldStrt: @ROUND{{C12*B19)/lOOO,O)*C8+E18 
Vert. Front Porch 
(JLs) 
: 
(E17-E20)*lOOO/{C12*C8) 
VFldStp: 
+E19+CIO 


inter 


APPENDIX 
A 
SAMPLE INITIALIZATION 
CODE 


Many registers within the 82786 must be initialized to 
configure the 82786 for the particular hardware envi- 
ronment it resides in. This appendix contains assembly 
language code to initialize the 82786 for one particular 
configuration: 
synchronous 10 MHz 80286 interface 
(Sections 4.2 and 4.3, Figure 18) 
one row of two interleaved banks of 51C256 Fast 
Page Mode DRAM 
(Section 3.3, Figure 9) 
640 x 300 x 8-bit/pixel non-interlaced 60 Hz dis- 
play, 25 MHz VCLK 
(Section 5.11, Figure 27) 


All of the parameters to be initialized for this configu- 
ration are calculated under their corresponding sections 
in the body of this application note. To calculate the 
parameters for other configurations, refer to these sec- 
tions. 


This example of initialization code can be used to ini- 
tially test many of the hardware functions. The code 
should create a stable display on the CRT. The display 
will consist of a black field which covers the entire 
screen (a 640 x 400 black rectangle). In the center of 
the rectangle is a 16 x 16 pixel arrow-shaped red and 
yellow cursor. 


Memory82786 
segment at OCOOOh 
;segment located at start of CPU-mapped 82786 memory 


Internalrelocation 
dw 
? 
Reserved 
dw 
? 
BIUControl 
dw 
? 
RefreshControl 
dw 
? 
DRAMControl 
dw 
? 
DisplayPriority 
dw 
? 
GraphicsPriority 
dw 
? 
ExternalPriority 
dw 
? 


org 20h 


GPOpcode 
dw 
? 
GPLinkAddressLower 
dw 
? 
GPLinkAddressUpper 
dw 
? 
GPStatus 
dw 
? 
GPlnstructionPtrLower 
dw 
? 
GPlnstructionPtrUpper 
dw 
? 


org 40h 


DPOpcode 
dw 
? 
DPParameterl 
dw 
? 
DPParameter2 
dw 
? 
DPParameter3 
dw 
? 
DPStatus 
dw 
? 
DefaultVDATA 
dw 
? 


3 
OFFh 
20 
o 
o 
o 
47 
197 
837 
937 
7 
28 
428 
442 
offset 
o 
o 
o 
o 
o 
OFFh 
o 
o 
o 
2 
80h 
510 
220 


turn 
on display 
and 
cursor 
mask 
all 
interrupts 
trip 
point = 20 
FIFO 
dwords 
cause 
interrupt 
every 
frame 
(interrupt 
is masked) 
reserved 


:CRTMode: 
non-interlaced, 
non-accelerated, 
master 
sync&blank 
:HSyncStp: 
horizontal 
sync 
stop 


:HFldStrt: 
horizontal 
field 
start 


:HFldStp: 
horizontal 
field 
stop 
:LineLen: 
horizontal 
line 
length 


:VSyncStp: 
vertical 
sync 
stop 


:VFldStrt: 
vertical 
field 
start 
:VFldStp: 
vertical 
field 
stop 


:FrameLen: 
vertical 
frame 
length 
WinDescl 
:DescAddrL:descriptor 
address 
pointer 
lower 
:DescAddrU:descriptor 
address 
pointer 
upper 


;(Reserved) 
;ZoomY: 
no 
vertical 
zoom 


;ZoomX: 
no 
horizontal 
zoom 


;FldColor: 
black 
field 
color 


;BdrColor: 
white 
border 
color 


;PadlBPP: 
pad 
with 
zeros 
for 
1 bit/pixel 


;Pad2BPP: 
pad 
with 
zeros 
for 
2 bits/pixel 


:Pad4BPP: 
pad 
with 
zeros 
for 
4 bits/pixel 
:CursorPad:pad 
with 
red 
for 
cursor 
(yellow 
cursor 
in 
red 
box) 
:CsrStyle: 
opaque 
16x16 
block 
cursor, 
no window 
status 


;CsrPosX: 
put 
cursor 
in middle 
of 
screen 
(horizontally) 


;CsrPosY: 
put 
cursor 
in middle 
of 
screen 
(vertically) 


:VStat: 
:IntMask: 
:TripPt: 
:Frint: 


8 video 
timing 
registers 
are 
programmed 
for 
640 
x 400 
at 
60 Hz 
with 
25 
MHz 
VCLK 


OOOOOOOllOOOOOOOb 
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OOOOllllllllOOOOb 
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;CsrPatO: 
;CsrPatl: 
:CsrPat2: 
:CsrPat3 : 
:CsrPat4: 
:CsrPat5 : 
:CsrPat6 : 
:CsrPat7 : 
:CsrPat8 : 
:CsrPat9 : 
;CsrPatA: 
;CsrPatB: 
;CsrPatC: 
:CsrPatD: 
:CsrPatE: 
:CsrPatF: 


WinDescL 
label 
word 


dw 
399 
dw 
0 
dw 
0 
dw 
0 


:strip 
descriptor 
list 
;header 
of 
strip 
descriptor 
;lines 
in 
strip 
(400 
covers 
entire 
screen) 
:lower 
link 
to next 
strip 
descr 
(there 
is none) 


:upper 
link 
to next 
strip 
descr 
(there 
is none) 
:number 
of 
tiles 
in 
strip 
(only 
one) 


5-188 


o 
o 
o 
639 
o 
OOOOlh 


;first (and only) tile descriptor 
;bitmap width 
(not applicable, 
this is field) 
;memory start lower addr 
(not applicable) 
;memory start upper addr 
(not applicable) 
;field width 
(640 covers entire screen) 
;fetch count 
(not applicable, 
this is field) 
;set field bit,use top,bottom,left,right 
borders 


mov byte ptr BIUControl, 
30h 
mov byte ptr BIUControl+l, 
0 
;convert 82786 to 16-bit bus ••• 
;•••must use two 8-bit transfers 


mov 
InternalRelocation, 
Olh 
;locate reg's at 82786 mem addr Oh 


mov 
DRAMControl, 
IDh 
;1 row, interleaved 
51C256 DRAM 
mov 
RefreshControl, 
18 
;request refresh every 15.2 uS 


mov 
DisplayPriority, 
llOllOb 
;set Display 
FPL, SPL = 6 


mov 
GraphicsPriority, 
OlOOlOb 
;set Graphics FPL, SPL = 2 
mov 
ExternalPriority, 
100000b 
;set External 
FPL 
= 4 


mov 
DPParameterl, 
offset DPLdAllRegs 
;address for LD_All command 
mov 
DPParameter2, 
OCH 
mov 
DPOpcode, 
5 
;let DP perform LD_All command 


ret 
;end of initialization 
subrtn 


If the constants in the CPU-mapped 82786 memory for 
the LD_ALL 
command and the Strip Descriptor list 
(in Memory82786 
segment) cannot 
be loaded into 
82786 memory by the system's program loader, they 
will have to be loaded by the initialization code. One 
method is to have the loader load them into CPU sys- 
tem memory and use a repeat-move-string command in 
the initialization code to move these constants into the 
82786 graphics memory. Alternatively, it is possible to 
place these constants in the 82786-mapped CPU memo- 
ry and allow the 82786 to fetch them using master- 
mode. This method, however, is not as efficient because 
the 82786 must re-fetch the Strip Descriptor list for 
every display frame. 


The Graphics Processor is not used in this initialization 
code. To fully initialize the Graphics Processor, the fol- 
lowing commands are required: 


for all drawing and BitBlt com- 
mands 
for all drawing and BitBit com- 
mands 
if line/character 
drawing used 
if line drawing used 


if character drawing used 
if character drawing used 
if character drawing used 
initialize stack pointer if macros 
used 
set poll-on-exception mask if used 
set interrupt 
mask if interrupts 
used 


Def_Colors 
Def_Texture 
Def_Char_Set 
Def_Char_Orient 
Def_Char_Space 
Load_Reg 
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Many applications require greater graphics capability 
than is available through IBM's CGA or EGA. The 
82786 allows the design of very high performance 
graphics systems at low cost, both in terms of compo- 
nent count and development time. 


This application note will present a basic design inter- 
facing a graphics board based on the 82786 to the IBM 
PC/AT 
computer. Only those portions of the design 


related to the interface itself will be covered in detail. 
Other 
aspects of graphics system design using the 


82786, such as graphics memory design and video inter- 
facing are covered in detail in the Hardware Configura- 
tion Application Note (AP-27{}-refer to section 1.1be- 
low on related literature). 


Throughout this application note the following naming 
convention applies: 


The term "PC" will be used throughout this document 
to refer to both IBM's 8-bit PC and their 16-bit AT 
computer systems. 


Additional material concerning the 82786 can be found 
in the following Intel publications: 


82786 Graphics 
Coprocessor User's Manual, 
Order 


Number 231933 


82786 CHMOS Graphics Coprocessor Data Sheet, Or- 
der Number 231676 


82786 Hardware Configuration Application Note, Or- 
der Number 292007 


An Introduction To Programming the 82786 Graphics 
Coprocessor, Order Number 240048 


There are eight connector slots on the mother board of 
the PC into which peripheral cards may be inserted. All 
interface to the PC is through these connectors, which 
are known as the I/O CHANNEL. 


The I/O CHANNEL supports 24-bit memory address- 
es, data accesses of either 8- of 16-bits, interrupts, 
DMA channels, and wait state generation. The connec- 
tors consist of eight 62-pin and six 36-pin connector 
sockets. The two positions that have only the 62-pin 
connectors can only support an 8-bit IBM PC interface. 


When 
placed 
in 
Protected 
Mode, 
a full 
24 bits 


(16 Mbytes) of addressing are available. However, most 
applications use Real Mode, providing 20 bits of ad- 
dressing. This provides a usable address space of 1 
Mbyte. Our design example will use Real Mode. 


As shown in Figure I, the lower 512 kb of the 1 Mb 
address space is reserved for system memory. 
384 


kbytes of the upper 512 kb are available for our use, 
although various adaptor cards which use some of this 
space may be installed in the system. We need to use 
care in selecting where our graphics card resides in the 
PC memory space in order to remain compatible with 
most system configurations. 


The 
128 kb section of memory located at address 


80000H-9FFFH 
is normally reserved for expansion 


memory, so using this space for our design would pre- 
clude adding memory to the system. The 128 kb ad- 
dress range of COOOOHthrough DFFFFH 
is also avail- 


able. This section of the memory space is reserved for 
ROM on I/O adapters, such as our card. Since many 
commercially available peripheral cards use portions of 
this address space, we would like to avoid using a large 
portion of this area in order to remain compatible with 
them. We will map the 82786 Internal Registers into 
address C4400H-C447FH. 


There is one other section of memory available to us 
without going into Protected Mode. This is the address 
range AOOOOH-BFFFFH, which is reserved for the 
graphics display adapters. The AOOOsegment is used by 
the EGA, whereas the BOOOsegment is used by the 
CGA (and MDA). Since we are designing a graphics 
card, we will use a portion of this memory space. It is 
desirable to use as large a portion of the PC's memory 
space as possible in order to reduce the amount of pag- 
ing required to access graphics memory. Let us choose 
the 64 kbyte AOOOsegment. This means that our design 
will work along with a CGA card in the system, but not 
with an EGA. This is a reasonable choice since, if peo- 
ple require a higher performance graphics system, the 
82786 based design will provide much more power than 
the EGA. The CGA can still be used for most text and 
low resolution graphics applications. 


The 80286 microprocessor can address a full 64 kbyte 
I/O space. However, the PC only supports I/O 
ad- 


dressing from 000-3FFH, 
as shown in Figure 2. I/O 


addresses OOO-OFFHare reserved for the system board 
I/O, leaving addresses l00H-3FFH 
available on the 


I/O CHANNEL. 
A look at the I/O address map will 


show that most of this space is reserved for various 
peripheral devices that might be installed in the system. 
Once again, if I/O addressing is required, we must be 
careful in choosing which portion of I/O space we use 
in order to remain compatible with these peripherals. 
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Address 
Name 
Function 


000000 
to 
512 kb System 
System Board Memory 
07FFFF 
Board 


080000 
to 
128 kb 
I/O Channel 
Memory-IBM 
Personal 
09FFFF 
Computer 
AT 128 kb Memory 
, 
Expansion 
Option 


OAOOOOto 
128 kb Video 
Reserved 
for Graphics 
Display Buffer 


OBFFFF 
, 
RAM 


OCOOOOto 
128 kb I/O 
Reserved 
for ROM on I/O Adapters 


ODFFFF 
Expansion 
ROM 


OEOOOOto 
64 kb Reserved 
Duplicated 
Code Assignment 
at 


OEFFFF 
,- 
on System Board 
Address 
FEOOOO 


OFOOOOto 
64 kb ROM on 
Duplicated 
Code Assignment 
at 


OFFFFF 
the System 
Board 
Address 
FFOOOO 


100000 to 
Maximum 
I/O Channel 
Memory-IBM 
Personal 


FDFFFF 
Memory 
15 Mb 
Computer 
AT 512 kb Memory 


Expansion 
Option 


FEOOOOto 
64 kb Reserved 
Duplicated 
Code Assignment 
at 


FEFFFF 
on System Board 
Address 
OEOOOO 


FFOOOOto 
l 
64 kb ROM on 
Duplicated 
Code Assignment 
at 


FFFFFF 
the System Board 
Address 
OFOOOO 


Hex Range 


000-01F 
020-03F 
040-05F 
060-06F 
070-07F 
080-09F 
OAO-OBF 
OCO-ODF 
OFO 
OF1 
OF8-0FF 
1FO-1F8 
200-207 
278-27F 
2F8-2FF 
300-31F 
360-36F 
378-37F 
380-38F 
3AO-3AF 
3BO-3BF 
3CO-3CF 
3DO-3DF 
3FO-3F7 
3F8-3FF 


Device 


DMA Controller 
1, 8237 A-5 
Interrupt Controller 
1, 8258A, Master 
Timer, 8254.2 
8042 (Keyboard) 
Real-Time 
Clock, NMI (Non-Maskable 
Interrupt) 
Mask 


DMA Page Register, 
74LS612 
Interrupt 
Controller 
2, 8259A 
DMA Controller 
2, 8237 A-5 
Clear Math Coprocessor 
Busy 
Reset Math Coprocessor 
Math Coprocessor 
Fixed Disk 
Game I/O 
Parallel Printer Port 2 
Serial Port 2 
Prototype 
Card 
Reserved 
Parallel Printer Port 1 
SDLC, Bisynchronous 
2 . 


Bisynchronous 
1 
Monochrome 
Display and Printer Adapter 
Reserved 
Color/Graphics 
Monitor Adapter 
Diskette 
Controller 
Serial Port 1 


Figure 2. IBM AT System 
/10 Address 
Map 
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I/O address range 300H-3IFH 
is reserved for proto- 


type cards, so we will use a portion of this space in our 
design, as will be discussed later. Another possibility 
would be to use the game controller address range 
200H-207H, 
if it is known that the game controller 


will not be used. 


Interfacing to the PC is quite simple since all address, 
data, and control signals are decoded and demulti- 
plexed for us. In addition, wait states can be inserted, in 
which case these signals are held valid as long as we 
wish. Wait states must last no longer than 2.5 microsec- 
onds (2.1 microseconds for the 8-bit PC), in order to 
meet IBM specifications. 


The signals used in this basic interface are listed in Ta- 
ble I. Other signals, incorporating other features, could 
be used, such as interrupt and DMA control lines. We 
will discuss only the signals used in this design. 


Address Latch Enable, BALE, is used on the system 
board 
to 
latch 
valid 
addresses. 
Address 
lines 


SAO-SAI9 
are used to address the memory and I/O 


devices in the system. They are gated onto the system 
bus when BALE is high and are latched on the falling 
edge of BALE. 


There is another set of address lines, LAI7-LA23, 
which gives the system up to 16 Mb of addressability. 
These signals are unlatched and remain valid only as 
long as BALE is high. They become valid earlier than 
the SA lines and are intended to generate decodes for 
memory or I/O cycles. They should be latched by I/O 
adapters on the falling edge of BALE when needed. 


There are 16data lines, SOO-SDI5, which are demulti- 
plexed (the 80286 in IBM AT computer has separate 
address and data lines) and held valid as long as the 
system is held in a wait state. 8-bit interfaces will only 
use SOO-SD7. Data transfers on the upper byte of the 
data bus are indicated by a low signal on the SBHE pin. 


The control signals have been decoded and, like the 
data lines, are held valid as long as the PC is held in a 
wait state. lOR and lOW are active low signals that 
indicate an I/O read and write, respectively. Similarly, 
MEMR and MEMW indicate a memory read or write 
bus cycle. 


"I/O CH ROY", I/O CHANNEL ready, is pulled low 
by a peripheral device in order to insert wait states. 
This signal must be driven low very quickly upon de- 
tecting a valid address and a Read or Write command. 
This timing will be discussed in more detail in a subse- 
quent section. As mentioned earlier, this signal should 
be held low for no more than 2.5 microseconds. 


MEM CSI6 is pulled low to signal the system board 
that the current data transfer is a I wait state, 16-bit 
memory cycle. If this signal is not brought low in time 
to be recognized by the system, the memory access will 
automatically be broken into two 8-bit accesses, even if 
a 16-bit access was desired. In addition, this signal is an 
input to the CMDL Y pin of the 82288 bus controller 
chip on the system board. It can delay the issuance of 
the MEMR, MEMW, lOR, and lOW signals in order 
to allow more address setup time. As will be discussed 
later, this signal should be derived from the decode of 
LAI7 through LA23. 


The final signal we have used in this design is RESET 
DRV. This is the active high power on reset signal. 


SAO-SA19 
LA17-LA23 


SDO-SD15 


I/OCH 
ROY 


lOR 


lOW 


MEMR 


MEMW 


MEMCS16 


Latched Address 
Lines 


Unlatched 
Address 
Lines Used to 


Generate 
Decodes 
for 1 Wait- 


State Memory Cycles 


Power On Reset Signal from the 
PC/AT 


Latched 
Data Lines 


Ready Signal to Generate 
PC/AT 


Wait-States 


Indicates 
an I/O Read 


Indicates 
an I/O Write 


Indicates 
a Memory 
Read 


Indicates 
a Memory Write 


Signals the AT to Perform a 1 
Wait-State 
16-Bit Memory 
Cycle 


Indicates 
Data Transfer 
on Upper 


Byte of Data Bus 
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The Bus Interface Unit (BID) controls all communica- 
tion between the 82786, the external bus master, and 
memory. The 82786 is capable of being a bus master 
(Master Mode) or a bus slave (Slave Mode). The 82786 
operates as a master whenever it accesses external sys- 
tem memory and the bus timings are similar to 80286 
style bus timings. It acts as a slave when the host CPU 
accesses graphics memory or the 82786 registers. 


In Master Mode, the 82786 drives the Hold Request 
(HREQ) pin high to indicate it is requesting the bus. 
The 82786 drives the external bus only after it receives 
a Hold Acknowledge (HLDA) from the external bus 
master and drives HREQ low when it no longer needs 
the bus or when it detects an inactive HLDA. The 
82786 indicates it has the bus through a high level on 
the Master Enable (MEN) pin. 


The state of the BHE pin at the trailing edge of RESET 
determines whether the interface is synchronous 
or 
aysnchronous. A high BHE sets the 82786 in synchro- 
nous operation. In Master Mode, synchronous/asyn- 
chronous operation affects the sampling of the HLDA 
signal only. In Slave Mode, synchronous/asynchronous 
operation affects the sampling of the RD and WR sig- 
nals, as will be seen, and allows for direct connection to 
an 80286 (80186 and 80386 can also be supported). 


Every design must support Slave Mode. The great ma- 
jority of applications do not require Master Mode and 
it need not be supported. Our design uses an asynchro- 
nous slave interface, which we will focus on in more 
detail. 


The following pins make up the 82786 Slave Interface: 
1. 22 address inputs, A21:0. 


2. BRE input used to indicate valid data on the upper 
data bus, D8-D15, 
of the 82786 graphics memory. 


3. Bus command input signals RD, WR, and M/IO. 
4. Chip select input, CS. 
5. Slave Enable output, SEN, is used to signal the sys- 
tem that the requested slave access is currently being 
serviced. This signal is used to enable the connection 
of the 82786 data bus to the external data bus and 
also as a source of READY to the external master. 


All of the input signals, with the exception of CS, are 
bidirectional pins driven by the 82786 when it is execut- 
ing Master Mode cycles. Whenever the 82786 is in 
Slave Mode, these signals are monitored by the Slave 
Interface logic. The correct combination of bus com- 
mands on these pins generate a slave cycle request. 


Figure 4 shows the timing relations for the Asynchro- 
nous Slave interface. When either RD or WR are de- 
tected low, CS is sampled. If CS is found to be low, the 
82786 will generate a slave cycle request. Note that the 
address pins, along with BHE and M/IO have the same 
setup and hold timing as CS. Once the setup and hold 
times have been met, the valid addresses may be re- 
moved since they will have been latched internally by 
the 82786. 


A slave cycle request is arbitrated between DRAM re- 
fresh, Display Processor requests, and Graphics Proc- 
essor requests for bus bandwidth and is serviced ac- 
cording to the programmed priority of each type of 
request. Notice the break in Figure 4 between the con- 
trol signals going active and SEN going high, indicating 
the indeterminate amount of time before the 82786 be- 
gins to execute the slave cycle. Even if external slave 
accesses are programmed to be higher priority than 
graphics or display processor requests for the bus, 
DRAM refresh cycles always have highest priority and 
can occur at any time. This can hold off execution of 
the slave cycle for a few clocks. Therefore, once the PC 
makes a slave request to the 82786, it will have to be 
held in a wait state (by pulling IOCHRDY 
low) until 
SEN goes high and the slave cycle begins. 


Figure 5 shows the timing relations for the slave cycle 
during the SEN active high time. SEN remains high for 
the entire cycle, which lasts four clocks for a write and 
five clocks for a read. 
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Figure 5. 82786 SEN/DATA Slave Interface 
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4.0 
INTERFACING 
THE 82786 TO 
THE 1/0 CHANNEL 


Our graphics board will decode the address, MEMR, 
MEMW, lOR, and lOW signals from the PC and, if a 
slave cycle r~est 
is detected, generate the proper con- 


trol signals (RD, WR, MIlO, BHE and CS) along with 
gating the address and data to the 82786. Refer to Fig- 
ure 6 for a block diagram of generating the 82786 con- 
trol signals. The IOCHRDY signal will immediately be 
pulled low in order to place the PC into a wait state. If 
our design is to a l6-bit interface, we must also pull the 
MEMCS16 signal low. This signal is not used for an 8- 
bit interface. 


Once IOCHRDY has been pulled low, the PC will be 
held in a wait state. This will cause the demultiplexed 
address, data, and control signals to be held valid for 
us. This means that we do not have to latch these sig- 
nals on our board. Figure 7 shows a block diagram of 
the address and data bus interface for our design. Once 
our board is selected, control logic can turn on the ad- 
dress and data transceiversllatches. 


IBM specifies no more than two TIL loads per pin per 
slot for the I/O CHANNEL. This is to assure that the 
PC system board can properly drive all peripheral cards 
that may be plugged into the I/O CHANNEL. 
In or- 


der to meet this spec, it is necessary to buffer any sig- 
nals that drive more than two loads in our design. 


Figure 7 shows a data path consisting of two levels of 
transceivers for the write path. Working our way from 
the I/O CHANNEL side, the fIrst bank of transceivers 
encountered 
buffer and gate the data bus onto our 


board. The second bank of transceivers isolate the 
82786 from the board's data bus. 


Upon receiving a decode, the fIrst transceivers will turn 
on, gating data onto the board. The second transceivers 
only turn on when SEN goes high, indicating the start 
of the slave cycle. In this way, the PC's data can gate 
onto the board without 
interfering with any other 


82786 memory cycles in progress to the graphics mem- 
ory. This allows the PC to access the Page Select regis- 
ter (which will be discussed later) without disturbing 
82786 memory cycles. In addition, if we were to insert a 
dedicated on-board CPU, it would interface between 
these two sets of transceivers, allowing the PC to talk to 
the local CPU without disturbing 82786 memory activi- 
ty. 


A crosser network for write data is shown in Figure 8. 
All three transceivers are needed only if the design will 
interface to both an 8-bit and a l6-bit system, as in our 
example. If the design is only to the 8-bit PC or to the 
IBM AT computer, then only two transceivers are re- 
quired. 


Read data from the 82786 or graphics memory must be 
latched. This is shown in Figure 5, where it can be seen 
that read data will only be valid for 3-4 clocks. De- 
pending upon when 10CHRDY 
is released, read data 


may come and go before the PC can come out of its 
wait state (refer to Section 4.5), so it must be latched 
and held. 


The read data latches shown in Figure 9 are confIgured 
similarly to the write data transceivers of Figure 8. 
Once again, all three latches are needed only if the de- 
sign will interface to both a PC and an IBM AT com- 
puter, as in our example. 


The data latch control can be implemented by counting 
82786 clocks from the rising edge of SEN until read 
data is valid, as shown in Figure 5, and then latching 
the data. This data can be held and made available for 
when the I/O CHANNEL exits its wait state. 
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There 
are 
many 
choices 
of clock 
speeds 
to run 
the 
82786 in a graphics 
design. In addition, 
our design may 
be interfaced 
to several 
different 
speed 
PC's. 
As a re- 
sult, once IOCHRDY 
is released 
you cannot 
know ex- 
actly 
when 
the 
PC will come 
out 
of its wait 
state 
in 
relation 
to SEN and the slave cycle. 


For example, 
if the PC is writing 
to our graphics 
board, 
write data will be held valid as long as the PC is kept in 
a wait state. 
We need the write data to remain 
valid to 
meet 
the 
data 
hold 
time 
as 
shown 
in Figure 
5. If 
IOCHRDY 
is released 
at the rising 
edge of SEN 
and 
the PC is running 
at a fast clock rate, it is possible 
for 
the PC to exit its wait state and remove 
the write data 
too early in the SENIDATA 
cycle. This can, of course, 
be predicted 
exactly 
if all possible 
combinations 
of the 
82786 and PC clock speeds are known. 
The exact time 
to 
release 
IOCHRDY 
in 
order 
to 
hold 
data 
long 
enough, 
yet not insert extra wait states, can be calculat- 
ed. 


A more conservative 
approach 
is to release IOCHRDY 
off the falling edge of SEN, which has been done in this 
design. 
For write cycles, this guarantees 
that write data 
will be held past the entire SENIDATA 
cycle. Since we 
are latching 
read data, it is held valid for whenever 
the 
wait state 
ends. The tradeoff 
here is that 
performance 
will be degraded 
somewhat 
since extra 
clocks 
are in- 
serted 
into every slave access. 


As previously 
mentioned, 
our design uses the 64 kbyte 
section 
of the PC's 
memory 
space located 
at the AOOO 
segment. 
Our 
graphics 
board 
will contain 
I Mbyte 
of 
memory, 
however. 
We must 
have some method 
of ac- 
cessing 
the entire 
I Mbyte 
of graphics 
memory 
from 


the 
PC's 
64 
kbyte 
window. 
This 
is 
accomplished 
through 
the use of a simple paging scheme, 
as shown 
in 
Figure 
10. 
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Pins SAO-SAI5 directly drive 82786 pins AO-AI5 to 
address within a given 64 kbyte section of memory. 
82786 pins A16-A19 determine which 64 kbyte memo- 
ry section, or page, we address. We can drive these page 
selection address lines with a latch which will contain 
the desire page number from 0 to FH. Figure II shows 
a block diagram of the page select circuit. 


500-3 


IBt.l PC/A~ 


74374 


G 


Our design latches the page number from data bits 
DO-D3 by writing to I/O address 0300H. The output 
of the latch will then drive 82786 pins AI6-AI9. 


For 16-bit accesses, 10CHRDY 
and MEMCSI6 must 
be brought low very quickly upon decoding an access to 
the 
peripheral 
board. 
The 
purpose 
of 
signals 
LA 17- LA23 is to provide address lines for such de- 
codes. These address lines become valid at the I/O 
CHANNEL 
earlier 
than 
the latched 
address 
lines 
SAO-SAI9, providing more setup time for the decode 
and generation of MEMCSI6. For this reason it is de- 
sirable to use the LA lines for decodes whenever possi- 
ble. 


Lines LA17-LA23 
provide for address decoding down 


to 128 kbyte resolution. Decoding addresses in 64 kbyte 
sections would require an LAI6 pin, which is not pro- 
vided. Recall, however, that we were unable to find a 
convenient 128 kbyte section of the IBM system memo- 
ry space to use for our design. This means that we must 
use address pin SAI6 for part of our decode. Since the 
SA lines become valid later than the LA lines, we have 
less time in which to decode an address and generate a 
MEMCSI6. 


Although both IOCHRDY 
and MEMCSl6 
must be 


brought low quickly, MEMCS16 is the most critical 
timing of 'the two. For an 8 MHz PC, we have 24 ns 
from SAO-SAI6 valid to issue a MEMCS16 low signal 
in order to cause a 16-bit access and - II ns to cause a 
command delay. Fortunately we do not care about the 
command delay. If we miss the window, any 16-bit ac- 
cesses will automatically be broken into two 8-bit ac- 
cesses. 


The 
circuit 
used 
to 
generate 
IOCHRDY 
and 


MEMCSI6 can be found in the complete board sche- 
matic in the Appendix. Figure 12 focuses on the partic- 
ular circuitry of interest here. Fast logic devices are 
required and the decode PAL must have a short propa- 
gation delay. This is particularly important 
since an 


extra flip-flop is used to cause 10CHRDY 
to be re- 


leased from the falling edge of SEN. 


For 
medium 
and 
high 
resolution 
displays 
using 


DRAM's, a significant portion of the available memory 
bandwidth is required for the display process. To acco- 
modate this, the display processor is programmed for 
highest priority access into the graphics memory. In the 
worst case the display processor can stay on the 
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memory bus continuously for more than 5 microsec- 
onds. This will happen while fetching 16 tile descriptors 
(96 words). 


The IBM AT Technical Reference Manual warns us 
not to hold IOCHRDY low for more than 2.5 micro- 
seconds, which is 15 wait states in a 6 MHz machine 
and 20 wait states in an 8 MHz machine. During wait 
states the DMA controller can't obtain the bus to re- 
fresh memory, which results in delayed memory refresh 
cycles. 


If the 82786 is programmed with highest priority for 
the display processor, then the external CPU will have 
to stay in a wait state until the display processor releas- 
es the memory bus and SEN goes high. Although this 
may not result in any erroneous operation, it will cer- 
tainly violate the bus spec for wait state duration. In 
order to meet the bus spec, the 82786 must be pro- 
grammed with the highest priority for the external 
CPU. 


This will be acceptable if the CPU accesses the 82786 
and graphics memory only during noncritical periods. 
However, if the CPU needs to access the 82786 very 
frequently, then the display processor may not be able 
to refresh the screen in the required amount of time. 
Therefore, if the CPU is programmed to highest priori- 
ty, it must be restricted in its access to the 82786. 


PAL 
to 
decode 
oddress 
AOOO 


MEMW 
MEMR 


The latency between successive accesses from the CPU 
to the 82786 can be approximated by the expression. 


latency (in82786 system clock cycles) ~ 
2' 
[8/«MMXR/DPXR)-1») 


where: 
MMXR= maximummemorydata transfer rate 
(40 Mbytesls ifusing interleaved,fast 
page 
mode DRAM's at 
maximum 
82786 bus clock speed) 


DPXR = «Xmax • Ymax • Bpp)/8) • Display 


refresh rate 


NOTE: 
"System clock cycles" refers to internal 82786 clock 
cycles. 2 pin clocks = 1 system clock. For example, 
20 MHz pin clock is equivalent to an 82786 10 MHz 
system clock rate. 


7<4F125 


MEMCS16 


7<4F125 


IOCHRDY 


inter 


One way to force this restriction on the CPU is to en- 
sure that this latency is built into the software. This 
implies that: 
I) there are no block accesses into the graphics subsys- 


tem and 
2) all single accesses are separated by instructions (e.g. 
NOP) that will guarantee that the CPU stays away 
from the 82786 for the desired time. 


This software method to control the CPU accesses will 
allow single accesses into the graphics memory to be 
serviced quickly, but at the same time, it imposes a lot 
of restrictions on the programmer. 
Additionally, the 


software becomes very specific to the hardware envi- 
ronment and portability of the software becomes limit- 
ed. An alternative is to design the hardware to restrict 
CPU access to the 82786. 


The scheme shown in Figure 13 delays the CS input 
into the 82786 by some delay time. When the CPU 
begins a memory cycle to the 82786, the address decode 
logic pulls IOCHRDY low, putting the PC into a wait 
state. The 82786 does not see this request immediately 
and so the SEN output stays low, which will cause the 
PC to remain in the wait state. Therefore, the display 
processor, which is programmed for second priority, 
can use the memory bus. After the delay time, the 


82786 sees the CS from the external CPU and services 
it immediately since the request comes from a higher 
priority source. The CPU does not stay in a wait state 
for more than the maximum specified period. 


This hardware method of restricting CPU accesses ef- 
fectively increases the priority of the display processor 
even though the external CPU is programmed for high- 
est priority. At the same time, this method ensures ade- 
quate bus sharing between the display processor and 
the external CPU. 


A feature has been added to the D-stepping of the 
82786 which allows for altered priority for external 
CPU slave requests. The CPU will assume this altered 
priority every 42 CLK's and will switch back to the 
standard priority only upon execution of the slave CPU 
bus cycle. 


By programming the CPU to have a standard priority 
below that of the display processsor and an altered pri- 
ority higher than the display processor, the previously 
discussed software and hardware methods of restricting 
CPU slave accesses to the 82786 are not necessary. This 
new feature will allow the CPU to get a bus cycle every 
2.1 microseconds (assuming an 82786 pin clock rate of 
20 MHz) and still give the display processor highest 
priority the rest of the time. 
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APPENDIX 
A 
82786 GRAPHICS 
BOARD DESCRIPTION 


The 82786 based graphics board presented in this appli- 
cation 
note contains 
1 Mbyte 
of fast page mode 
DRAM's, which comprise the graphics memory for the 
board. The memory is visible to the PC at address space 
AOOOOH-AFFFFH, which is a 64 kbyte section of 
memory. The entire 1 Mbyte of graphics memory is 
addressable as 1664 kbyte banks, which are selected by 
82786 address bits AI6-AI9. 
The desired bank is se- 
lected by writing the value on the lower four bits of the 
data bus (DO-D3) to I/O address 0300H. 


There is one other section of the PC address space that 
can 
access the 
board. 
That 
is address 
C44OOH- 
C447FH. Accesses to this section of memory will cause 
I/O accesses to be seen by the 82786. This allows access 
to the Internal Registers, which reside in I/O space 
when the 82786 comes out of RESET. The Internal 
Registers remain I/O mapped and must be relocated to 
I/O space base address 4400H (I/O space for the 82786 
is only 64 kbytes-the 
upper address bits are ignored. 


However, the upper 7 bits of the Internal Relocation 
register must be programmed to O's when locating the 
Internal Registers in I/O space). 


The board supports a software reset. This is accom- 
plished by writing a "I" on data bit 4 to I/O address 
0300H and then a "0" on the same data bit to the same 
address. When using software reset, care must be taken 
to assure the proper values appear on data bits DO-D3 
in order to not reprogram the page select register. 


The board contains several jumpers 
which are de- 


scribed here: 
1) There is a jumper to select a 16-bit vs. 8-bit interface. 


16-bit interface is selected by inserting the jumper. 


2) There are two jumpers to select between synchro- 


nous and asynchronous VCLK operation. In syn- 
chronous operation, VCLK is tied to CLK on the 
82786. In asynchronous 
operation, 
VCLK comes 


from a separate clock oscillator source. Only one of 
these jumpers may be inserted at anyone 
time. 
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APPENDIX 
B 
82786 GRAPHICS 
BOARD PAL EQUATIONS 


module 
UIO 


title 
'PAL 
I 
-- 
UIO 
date 
aprll 
2,I9S6' 


UIOal 
deyice 
'P20LS'; 


PCAI9, PCAIS, PCAI7, PCAI6, PCAI5, PCAI4, PCAI3, 


PCAI2, PCAII, 
PCAIO, PCA09, PCAOS, PCA07 
pin 
I, 
2, 
3, 
4, 
5, 
6, 
7, 
S, 
9,10,11,13,14; 


PCMEMR,PCP6IR,PCMEMW, PCIOW,IOCHRDY SELECT ,NCI, 
NC2,PCIOR,PCP6I 
- 
pin 
23,22,2I,20,19,IS,17,16,15; 


IPCP61 
- 
PCAI9 
& IPCAIS 
& PCAI7 
& IPCAI6 
& (PCMEMR $ PCMEMII) & PCIOR 
& PCIOW; 


IPCP61R 
• 
PCAI9 
& PCAIS 
& IPCA17 
& IPCAI6 l 
IPCAI5 
& PCAI4 l 


IPCAI3 l 
IPCAI2 l 
IPCAII 
l PCAIO l 
IPCA09 l 
IPCAOS l 


IPCA07 l 
(PCMEMR $ PCMEMW)l PCIOR l PCIOW; 


IIOCHRDY_SELECT 
- 
(PCAI9 
l 
IPCAIS l PCA17 l 
IPCAI6) 
, 
(PCAI9 
l PCAIS l 


IPCA17 l 
IPCAI6 l 
IPCAIS l PCA14 
& IPCA13 l 
IPCAI2 


l 
IPCAII 
& PCAIO & IPCA09 l 
IPCAOS l 
IPCA07) ; 


module 
Ull 
title 
'PAL 
2 -- 
Ullq 
date 
april 
2,1986' 


Ullal 
deYlce 
'P20L8'; 


PCA09, PCA08, PCA07, PCA06, PCA05, PCA04, PCA03, 


PCA02, PCAOI, PCAOO,NCI 
pin 
I, 
2, 
3, 
4, 
5, 
6, 
7, 
8, 
9,IO,ll; 


PCMEMR,PAGE SELECT ,NC2,NC3,NC4,NC5, 
PAGE SEL, PCHEMlI,NC6, PCIOW, PCIOR 
pT n 23,22,21,20,19,18, 
I7, 16,15,14,13; 


IPAGE_SEL 
• 
(PCA09 
& PCA08 
& 
IPCA07 
& 
IPCA06 
& 
IPCA05 
& 
IPCA04 
& 
IPCA03 
& 
IPCA02 
& 
IPCAOI 
& IPCAOO & 
IPCIOW & PCMEHR & 
PCHEMlI); 


PAGE_SELECT - 
PAGE_SEL; 


module 
U26 
title 
'PAL 
5 -- 
U26 
date 
april 
2,1986' 


U26al 
deyice 
'P20L8'; 


PCP61 ,SBHE, PCP6 IR, PCHEMR,P6SEN, LTCHBQ,NCI, PCAO, NC2, NC3, NC4 
pin 
It 2, 3, ., 
5, 6, 7, 8, 9,10,11; 


NC9,CLRLTCHCNTR,PCP6CS, 
PCLATCHLO, PCLATCHHI,NC8,PC 
AT, P6BHE, 


OC7,OC6,OC5 
- 


pin 
23,22,21,20,19,18, 
I7 ,16,15, 
14,13; 


equations 
IPCLATCHLO 
- 
I PCAO & (I PCP61 
, 
IPCP6IR) 
& IPCMEMR; 


IPCLATCHHI 
• 
PCAO & (IPCP6I 
, 
IPCP6IR) 
& 
IPCHEHR & PC_AT; 


CLRLTCHCNTR 
- 
(IPCP6I 
, 
IPCP6IR) 
& I PCMEMR& P6SEN 
& ILTCHBQ; 


PCP6CS 
• 
(I PCP61 
, 
IPCP6IR); 


P6BHE 
- 
(IPC_AT 
& SBHE , 
PC_AT 
& IPCAO) 
& (IPCP6I 
, 


IPCP6IR); 


inter 


module 
U35 
title 
'PAL 6 -- 
U35 
date 
aprll 
2,I9S6' 


U35al 
device 
'P20lS'; 


NCI, NC2, PCP61R, PCP61, PCP6CS,NC3,NC4, 
PCHEMR,PCHEHlI,NC5, NC6 
pin 
1, 2, 3, 4, 
5, 6, 
7, 8, 
9,10,11; 


NCIO,NC9,NCS, 
P6CS, P6WR,P6RD, P6RDYClK, T R, P6DEN, 
NC7,P6SEN 
- 
pin 
23,22,21,20,19, 
IS,17 
,16, 15,14,13; 


IP6CS 
• 
PCP6CS; 


IP6WR 
• 
(IPCHEHlI 
& (IPCP6IR 
, 
IPCP61»; 


IP6RD 
• 
(IPCHEHR 
& (IPCP6IR 
, 
IPCP61»; 


IP6DEN 
• 
«IPCP61 
, 
IPCP6IR) 
& IPCHEHlI & P6SEN); 


T_R 
• 
«IPCP61 
, 
IPCP6IR) 
& IPCHEHlI); 


P6RDYClK 
• 
(PCP6CS 
$ P6SEN); 


modul e U4S 
title 
'PAL 7 -- 
U4S 
date 
aprll 
2,I9S6' 


U4Sal 
devl ce 
'P20lS'; 


SSHE, PCMEMR,PC AT,NCI,PCP61R, 
PCP61,ClK,lAI6, 
lA17 ,lAIS,lAI9 
pin 
1, 2, 3, 4, 
5, 6, 7, 8, 9,10,11; 
SA17 ,ATOC,ClKI,RESET 
NOT,RESET ,NC2,NC3, P6 HIO,ACCI6,SAI9, 
SAIS 
pin 
23,22,21 
,20,19,IS,17 
,16,15, 
14,13; 


IATOC 
• 
ISSHE & IPC_AT & IPCHEHR & (IPCP61 
, 
IPCP6IR); 


lACCI6 
• SAI9 
& ISAIS 
& SAI7 
& IlAI6 
& IPC_AT; 


IP6_HIO 
• 
IPCP6IR; 


ClKI 
• 
IClK; 


RESET_NOT • 
IRESET; 


end 
U4S 


module 
U52 
title 
'PAL 
8 -- 
U52 
date 
april 
2,1986' 


U52al 
device 
'P20L8'; 


NCI, PAGE SELECT ,NC2, P6SEN, PCP61R, PCP61, PCMEHW, 
PCAO,PcTow, 
PCMEMR,PCIOR 
pin 
I, 
2, 
3, 
4, 
5, 
6, 
7, 
8, 
9,10,11; 


MANURESET,ADOR ENABLE,NC5, PCDLO, RESET ,IOCHRDY ,NC4, 
NC3, 
245T 
RI, PcRESETDRV, SOFT RESET 
- 
pin 
23,22,21,20,19,T8,17 
,16,15,14,13; 


equations 


_245T_RI 
• 
(PCHEHR & PCIOR) 
, 
(IPCMEMlI , 
IPCIOW); 


IPCDLO 
• 
«IPCP61 
, 
IPCP6IR) 
& IPCAO & (IPCHEMlI , 
IPCIOW» 
, 
IPAGE_SELECT; 


RESET 
• 
(MANURESET , 
PCRESETDRV , 
SOFT_RESET); 


IIOCHRDY 
• 
(IPCP61 
, 
IPCP6IR) 
& IP6SEN; 


!ADDR_ENABLE' 
(IPCP61 
, 
!PCP6IR); 


end 
U52 


module 
U54 
title 
'PAL 
9 -- 
U54 
date 
april 
2,1986' 


U54al 
device 
'P20L8'; 


PCP61, PCHEMR,PCP61R, NCI, NC2, NC3, PCAO, 
PCHEMlI,NC4, P6SEN, SBHE 
pin 
I, 
2, 
3, 
4, 
5, 
6, 
7, 
B, 
9,10,11; 
PCIOR,NCIO,NC9,NC8,PCD 
AT,PCD HI, 
NC7,NC6,NC5, 
PC AT ,PClllw 
- 
pin 
23",22,21,20,19,18,17 
,16,15,14,13; 


!PCD_HI 
• 
(IPCP61 
, 
IPCP6IR) 
& PCAO & PC_AT & PCMEHR; 


IPCD~T 
• 
(IPCP61 
, 
IPCP6IR) 
& !PC_AT 
& 
ISBHE & PCHEHR; 


end 
U54 
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82786 GRAPHICS BOARD SCHEMATICS 
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Other documentation available for the 82786 includes: Hardware Configuration Applications Note (Order Number: 
292007-003), The 82786 Architectural Overview (Order Number: 122711-003), The 82786 Data Sheet (Order Num- 
ber 231676-003), and 82786 Design Example--Interfacing 
to the IBM PC/AT (Order Number: 240049-001). 


This application note shows, by example, how to program the 82786. These software interface examples are written 
for an Intel 82786-based graphics board as described in the Application Note: 82786 Design Example-Interfacing to 
the IBM PC/AT. However, the concepts presented in these examples can be applied to any system using the 82786. 
With the appropriate modifications, these programs will run on other 82786 systems. Contact your nearest Intel 
Sales Office for more information about availability of 82786 graphics boards and availability of machine-readable 
copies of the software presented in this Application Note. 


Chapter 3 presents an 80286 Assembly Language example. The objectives of this example program are: 
I) Initialize the 82786 registers, 
2) Program the Display Processor (DP) for one full-screen window, 
3) Draw a simple graphics image using the Graphics Processor (GP). 


Chapter 3 also suggest several modifications to the Example Program as exercises for the reader. Solutions to the 
exercises are provided in the appendix. By working through these exercises, the reader gains an understanding of the 
concepts of programming the 82786. 


Hardware system requirements to tun the programming examples: 
(I) An 82786 graphics board as described in the Application Note: 82786 Design Example-Interfacing to the IBM 


PC/AT. 


(2) 6 MHz or 8 MHz-IBM 
AT computer. 


NOTE: 
(3) The Intel Evaluation Board cannot be used in a computer in which the EGA Graphics Adapter is installed. (For 
your text display, use the Monochrome Adapter or CGA adapter.) 
Any other peripheral device that uses the A-segment of CPU address space or CPU addresses C4400-C4474 
cannot be used with the 82786 Evaluation Board. 


(4) NEC Multisync monitor (Model No: JC-I40IP3A) 
or 
SONY Multiscan monitor (Model no: CPD-B02) 


Settings for the NEC Monitor: 
Set the switches on the rear of the NEC Multisync monitor as follows: 
(I) Set the "MANUAL" 
switch to "ON". 
(2) Set the TTL-ANALOG 
switch to "TTL". 
(3) Set DIP switch 5 to "ON". 
Set DIP switch 6 to "OFF". 


Settings for the SONY Monitor: 
Set the Digital-Analog switch to "DIGITAL". 
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This Chapter presents an explanation of the programmer's model of the 82786. There are 5 sections in this chapter: 
2.1) Overview 
2.2) Graphics Processor 
2.3) Display Processor 
2.4) Bus Interface Unit 
2.5) Summary 


••• 
OVERVIEW 


• 
GRAPHICS 
PROCESSOR 
(GP) 


• 
DISPLAY 
PROCESSOR 
(DP) 


• 
BUS INTERFACE 
UNIT (BIU) 


Here is a block diagram of a typical 82786 system. The Display Processor and Graphics Processor are programmed 
independently. The Bus Interface Unit has programmable priority levels to control bus arbitration between the DP, 
GP, Host CPU, and DRAM refresh. 
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To program the Graphics Processor, the host CPU writes a GP command list into graphics memory. Then, the GP 
executes the command list, drawing geometric shapes and text into the bitmaps in graphics memory. 


To program the Display Processor, the host CPU writes a Screen Descriptor List into graphics memory. The DP 
reads the Descriptor List and sends graphics data, in the desired format, from the bitmaps to the display device. The 
DP can simultaneously display data from many different bitmaps. This is called Hardware Windows. Hardware 
Windows provides window movement, scrolling, and spanning and allows instantaneous changes in window content 
and screen format. 


BITMAPS 


A BITMAP IS A RECTANGULAR DRAWING AREA 


COMPOSED OF PIXELS 


• 
MAXIMUM BITMAP SIZE - 32K BY 32K PIXELS 


• 
1,2,4 
OR 8 BITS/PIXEL 


• 
PACKED-PIXEL ORGANIZATION 
- EFFICIENT 
MEMORY 
UTILIZATION (2, 4, 8 OR 16 PIXELSIWORD) 


• 
NO LIMIT TO NUMBER OF BITMAPS 


32K 


x 


PIXEL 
LOCATION 


DISPLAY SCREEN 


BITMAP IN GRAPHICS 
MEMORY 


A bitmap can be thought of as a rectangular drawing area composed of pixels. Bitmaps are located in graphics 
memory. 


The 82786 supports: 
- 
VERY LARGE bitmaps, up to 32K x 32K. 
- 
Flexible color capacity: 1,2,4, or 8 bits/pixel providing 2, 4, 16, or 256 colors 
- 
Packed pixel organization allows for efficient memory utilization 
- 
Unlimited number of bitmaps, limited only by amount of available graphics memory. 


GRAPHIC PROCESSOR REGISTERS 


DIRECT ACCESS 
INDIRECT ACCESS 
REGISTERS 
REGISTERS 


OP CODE 
I ECL 


PARAMETER 
1 


PARAMETER 
2 


STATUS 


INSTRUCTION 


POINTER 
(22 BITS) 


GP CONTROL 
REGISTERS 


GP CONTEXT 
REGISTERS 


• GP CONTROL 
REGISTERS 


• GP CONTEXT 
REGISTERS 


• DUMP_REG, 
LOAD_REG 


The directly accessible registers include: 
An Opcode register, two parameter registers, a Status Register, and an Instruction Pointer. 


The indirectly accessible registers include the GP Control registers and the Context Switching registers used in 
multi-tasking systems. The indirectly accessible registers are loaded with the LOAD_REG 
command and read with 


the DUMP ~G 
command. 
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GRAPHICS PROCESSOR COMMAND LIST 


GECL 
~ 


LINK 
10 


ADDRESS 
LOW 


ADDRESS 
HIGH 


OPCODE 1 
I 0 


PARMil 


PARAM 


OPCODE 
2 
10 


PARAM 


PARAM 


PA':lAM 


OPCODE 
3 
10 


PARAM 


PARAM 


HALT 
11 


GRO 


GR1 


GR2 


+ 
GECL 


The graphics processor command list is composed of a sequence of Graphics opcodes and parameters. This com- 
mand list is written into graphics memory by the host CPU. The GP begins execution of the command list when the 
host CPU writes a LINK instruction and the address of the command list into the GP registers. The GP halts 
execution when it reaches the HALT instruction. 
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- POINT, INCR POINT, LINE, POLYLINE, 


POLYGON, ARC, CIRCLE, HORIZ-L1NE 


- BIT-BL T, CHARACTER 


- DEFINES: 
TEXTURE, COLOR, LOGIC OPERATIONS, 
CHARACTER ATTRIBUTES, 
DRAWING 


AREA (BIT-MAP), 
ETC. 


MOVE (DRAWING 
POINTER) 


- NOP, LINK (JUMP), MACRO (SUBROUTINE), 


INTERRUPT, 
LOAD/DUMP 
REGISTER 


TRANSFER 


DRAWING CONTROL 


The Graphics Processor has 4 types of commands: 
- 
Geometric drawing commands 
- 
Transfer commands 
- 
Drawing Control 
- 
Non-drawing commands. 


The GP commands provide a CGI-Iike graphics interface. These graphics primitives are extremely fast, since they 
are implemented in hardware. The Geometric commands provide primitives for POINT, LINE, ARC, and CIR- 
CLE. The INCREMENTAL_POINT, 
POLYLINE, POLYGON, and HORIZONTAL_LINE 
(SCAN_LINES) 
commands can draw many points or lines with only one GP command for maximum efficiency. The SCAN_LINES 
command is used for Area Fill. 


The Drawing Control commands provide settings for COLOR, TEXTURE, LOGICAL OPERATOR, DEFINING 
BITMAPS, CLIPPING 
RECTANGLE, 
AND CHARACTER 
ATTRIBUTES. 


The Non-drawing commands provide LINK, MACRO (SUBROUTINE) CALL and RETURN commands, as well 
as an INTERRUPT 
and LOAD/DUMP 
REGISTER commands. 


: 
BIT-BLT 
I 0 


SOURCE 
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SOURCE Y 


OX 


OY 


HALT 
11 
SOURCE 
RECTANGLE 


DESTINATION 
RECTANGLE 


Here is an example of a Graphics Processor command, showing the format of the Bit_Blit 
(Bit Block Transfer) 
command. The opcode comes fIrst followed immediately by its associated parameters, the Source X and Y co-ordi- 
nates and the width (dx) and height (dy). This command copies a block of data to the destination indicated by the 
Graphics Current Position Pointer (GCPP). 
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This Figure shows a specificexample of a GP command list and its resultant drawing in the bit map. This demon- 
strates the capability of the Graphics Processor and how easy it is to create a drawing using the built-in graphics 
commands. 


This GP command list example shows the ABSOLUTE_MOVE, CIRCLE, RECTANGLE, LINE, and POLY- 
LINE commands. 


First, the CPU writes the command list into graphics memory. The GP command list is executed when its address 
and the LINK instruction is written into the GP opcode registers. 


The ABSOLUTE_MOVE 
instruction moves the Position Pointer to the given (x, y) coordinate, the CIRCLE 
command draws the circle with the given radius, the RECTANGLE command draws a rectangle with the given 
width and height, the LINE command draws a line with the given offset for the endpoint. The POLYLINE 
command draws a series of lines with only one GP command. The parameter for a POLYLINE command is a 
pointer to an array of endpoints for several lines. 
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In summary, to program the 82786 OP: first the CPU writes a command list into graphics memory, as shown here. 
We have seen the details of the command list structure and details of some of the OP commands. 


The CPU instructs the OP to execute a command list by first writing the address of the command list into the OP 
registers ORI and OR2, and then writing the LINK opcode into the OP Opcode Register, ORO. 
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2.3 
Display Processor 
Programming 


This section describes general concepts of programming the Display Processor. As mentioned earlier, the DP reads a 
Screen Descriptor List that was written in graphics memory by the host CPU. This descriptor list determines how 
graphics data contained in the bitmaps is displayed on the screen in windows. 


82786 SCREEN CONFIGURATION 


BASIS OF HARDWARE WINDOW 


• SCREEN IS DIVIDED INTO STRIPS 


• EACH STRIP HAS SEVERAL TILES (MAX 16/STRIP) 


• EACH TILE CAN DISPLAY DATA FROM DIFFERENT BIT MAP 


• EACH TILE CAN HAVE DIFFERENT 
DEPTH (BITS/PIXEL) 


• ANY TILE CAN BE ZOOMED 
(PIXEL REPLICATION) 


• 
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The 82786 uses a flexible and powerful method for describing the screen composition. The screen is described in 
terms of Strips, each strip is composed of Tiles. Each tile can display data from a different bitmap of a different depth 
(bits/pixel). Each tile may be zoomed independently. The screen format can be completely changed every frame 
refresh cycle. (This is typically every 1/60 second.) 
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REGISTERS 


CURSOR POSTION 


CURSOR 
BIT 
PAnERN 


42 
WORDS 


• DISPLAY CONTROL BLOCK REGISTERS 


• 
ACCESS BY LOAD, DUMP 
REGISTER COMMANDS 


The Indirectly accessible registers are also known as the DP Control Block Registers. These registers contain 
parameters for controlling DP operations ~uch as the Video Timing Signals, location of the Descriptor list, cursor 
position, cursor pattern, etc. The indirectly accessible registers are loaded with the DP LOAD and DUMP com- 
mands. 
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HOW TO CHANGE SCREEN FORMAT 


GRAPHICS 
MEMORY 


82786 


DP DIRECT 
ACCESS 


REGISTERS V[ 


DESCRIPTOR 
POINTER 
LOWER 


OP CODE 
LOAD·REG 
} 


DESCRIPTOR 
POINTER 
UPPER 


PARAMETER 
1 
ADDRESS 
LOWER 


PARAMETER 
2 
ADDRESS 
HIGHER 


PARAMETER 
3 
REG 
I.D. 


NEW DP 


DESCRIPTOR 


LIST 


240048-12 


The screen format is changed by writing a new Descriptor list into graphics memory or modifying a copy of the 
current descriptor list. Next, a pointer to the new descriptor list is written into graphics memory. Lastly, the address 
of the pointer, the LOAD~G 
command, and register ID (OE Hex for Descriptor Address Pointer) are written 
into the DP. parameter and opcode registers. 
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HOW TO DEFINE THE STRIP 


DISPLAY PROCESSOR DESCRIPTOR LIST 


STRIP 
HEADER 


NUMBER 
OF LINES 
IN STRIP 


LINK TO NEXT STRIP 
HEADER 


NUMBER 
OF TILES 
IN STRIP 


TILE 
DESCRIPTOR 


BITMAP 
WIDTH 
c. 


START ADDRESS 


TILE WIDTH 


BORDERS 
I ZOOM I FIELD 


As mentioned earlier, a Screen Descriptor List is composed of Strip and Tile descriptors. Here, we see an overview of 
a strip and tile descriptor. See Figure 3.2 for a more detailed diagram of a strip and tile descriptor. 


The Strip descriptor contains the number of lines in the strip, link to the next strip descriptor, and the number of tiles 
in the strip. 


The Tile Descriptor contains the width of the source bitmap, the starting address of graphics data to be displayed, 
the tile width, and settings for turning borders, zoom and field color on or off. Each tile has its own tile descriptor. 


SCREEN 
DESCRIPTOR 
LIST 


500 
UNES 
HEADER 
UNK 
STRIP 
1 
-, 


2 TILES 


BITMAP 
WIDTH 
1 
STRIP 
1 
DESCRIPTOR 
START 
ADDRESS 
500 


TILE 
1 
TILE 
WIDTH 
UNES 


BORDERS 
ZOOM 
1 
§ 
- 


DESCRIPTOR 
r 
TILE 
2 
STRIP 
2 
524 
•.. .J 
UNES 


524 
UNES 
1 
HEADER 


STRIP 
2 


DESCRIPTOR § 
TILE 
1 


Here, we see an example of a Descriptor List and its resultant display screen. The first strip, containing 500 lines 
vertically, is composed of two tiles. The second strip, containing 524 lines vertically, is composed of one tile. 


In summary, to program the 82786 DP: first the CPU writes a DP descriptor list into graphics memory, as shown 
here. We have seen the details of the descriptor list. The display processor reads this descriptor list to determine how 
graphics data contained in the bitmaps is displayed on the screen in windows. 


The screen format may be changed by simply writing a new descriptor list into graphics memory and changing the 
Descriptor Pointer to point to the new Descriptor List. 


This section describes an overview of programming the Bus Interface Unit. 


The Bus Interface Unit is programmable and controls the following functions: 
• The base address for access of the 82786 registers 
• The Graphics Memory Configuration 
- 
VRAM/DRAM 
type 
- 
Memory Access Mode 
- 
Bank Configuration 
- 
DRAM Refresh frequency. 
• Memory Access Priority 
- 
Sophisticated Bus Access Arbitration 
- 
8 Priority Levels 


REGISTER BASE ADDRESS I MIO 


BIU CONTROL 


REFRESH CONTROL 


DRAMNRAM 
CONTROL 


DP PRIORITY 


GP PRIORITY 


EXT CPU PRIORITY 


• SYSTEM 
CPUlMEMORY 
INTERFACE 
PROGRAMMING 


• 
GRAPHICS 
MEMORY 
CONFIGURATION 


• 
MEMORY 
ACCESS 
PRIORITY 


Programming the BIU is simple and straightforward. The programmer must simply write the correct values into 
each of the seven BIU registers. After these registers have been set, they do not need to be changed unless the chip is 
reset. The GP, DP and CPU priorities may be changed at any time, if desired. 


2.5 Summary 


This concludes the overview of the 82786 programming model. We have seen an overview of the powerful Graphics 
commands and how these commands are used. 


We also talked about the concepts of programming the Display Processor and how to use the powerful hardware 
windowing capabilities of the 82786. 
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This Chapter presents an example 82786 program written in 80286 Assembly Language. The objectives of the 
Example program are: 
1) Initialize the 82786 registers 
2) Program the Display Processor (DP) for one full-screen window 
3) Draw a simple graphics image using the Graphics Processor (GP). 


Section 3.1 presents an overview of the program. Section 3.2 presents a detailed explanation of the program, section 
by section. Section 3.3 presents the complete source-code listing. 


Constant Definitions 
- 
Special Addresses 
- 
DP Opcodes 
- 
GP Opcodes 


Register Segment 
- 
Define 82786 Internal Register Block Addresses 


Data Segment 
- 
Define DP Control Block Register Values 
- 
Define DP Descriptor List 
- 
Define GP Command List 


Code Segment 
- 
BIU Initialization-Load 
BIU Registers 
- 
Clear Page 0 of Graphics Memory 
- 
Copy DP Control Block Registers from CPU Memory to Graphics Memory 
- 
Copy DP Descriptor List from CPU Memory to Graphics Memory 
- 
Copy GP Command List from CPU Memory to Graphics Memory 
- 
Start DP by Loading DP Control Block Registers 
- 
Execute GP Command List to Draw Image 


YoI_ 
tor 
DP_Conlrol 
Block 
DP_Con"" 
Block 
••• 1...... 
Loed AI 
"eelI.' 


Next, values for the DP Control Block Registers, DP Descriptor List and GP Command List are copied from CPU 
memory space to Graphics memory space. 


inter 


The values for the DP Control Block Registers are loaded from graphics memory into the 82786 registers by the 
DP LOAD_ALL 
command. Two of the DP Control Block Registers, the Descriptor Pointer Upper and Descriptor 
Pointer Lower, are combined to give a 22·bit address. This is the address of a valid DP Descriptor List located at 
location FFlOO in graphics memory. The DP Descriptor List instructs the DP to fetch bitmap data starting at 
location 0 in graphics memory. 


Now the Graphics Command list is executed by writing its address into the GP Parameter Registers and then 
writing a LINK command into the GP Opcode Register. The GP now draws the image into the graphics memory 
bitmap area. 


The graphics board uses 64 Kbytes of CPU address space from AOOOOto AFFFF. 
The page selection register 
chooses one of 16 pages. This allows addressing of a total of I Megabyte of graphics memory. 


The page selection register on the graphics board is set by outputting the page number (using the 80286 OUT 
instruction) to port location OxOO300.This technique will vary on other hardware systems using the 82786. 


The 82786 Internal Register Block is accessed by memory access to CPU memory locations C4400 through C447F. 
The Graphics board decodes these addresses and issues an I/O access. 


;***************** 
Proaram 
SEG_GR_HEH 
equ 
OAOOOh 
SEG_786_REG 
equ 
OCOOOh 
DP_REG_HAP 
equ 
OFOOOh 


DP_REG_HAP_LO 
DP_REG_HAP_HI 
DESC_PTR_LO 
DESC 
PTR 
HI 
GP_LIST_PTR_LO 
GP_LIST_PTR_HI 
BITHAP 
0 LO 
BITHAP =O=HI 
PAGE_PORT 


equ 
DP_REG_HAP 


equ 
OOOOFh 
equ 
OF100h 
equ 
OOOOFh 
equ 
OF200h 
equ 
OOOOfh 
equ 
OOOOh 
equ 
OOOOh 
equ 
0300h 


Con~tant detinition~: 
***************** 
Segment 
to acces~ 
graphics 
memory. 
Segment 
to access 
82786 
registers. 
Address 
in graphics 
memory 
used 
to 
load 
DP control 
values 
to/from 
DP reaisters 


Starting 
address 
of bitmap_O 
(lower byte) 
Starting 
addre •• of bitmap_O 
(high 
byte) 
I/O addre!l~ 
tor 
graphic!l mem paae 
!lelect res:. 


;******************** 
Display 
Proce~sor opcodes: 
LOADREG 
equ 
400h 
LOADALL 
equ 
500h 
DOMPREG 
equ 
600h 
DUHPALL 
equ 
700h 


;******************** 
Graphics 
Proce~sor opcodes: 
ABS-MOV 
equ 
4FOOh 
ARC_EXCL 
equ 
6800h 
ARC_INCL 
equ 
6900h 
CIRCLE 
equ 
8EOOh 
DEF_BITHAP 
equ 
1AOOh 
DEF_COLORS 
equ 
3DOOh 
DEF_LOGICAL 
OP 
equ 
4100h 
DEF_TEXTURE-OP 
equ 
0600h 
LINE 
- 
equ 
5400h 
LINK 
equ 
0200h 
POINT 
equ 
5300h 
REL_HOV 
equ 
5200h 
HALT 
equ 
0301h 


The REGISTER 
SEGMENT dermes a template of locations for access to the 82786 Internal Register Block. The 
register segment is set to begin at memory location 0C440 (hex). As mentioned above, the Intel board issues an I/O 
access when the CPU accesses memory at addresses C4400-C447F. 


;*********** 
Locations 
for the 
82786 
Internal 
Reaiater 
Block: 


regi.ter 
SEGMENT 
at OC440h 
INTER_RELOC 
db 
2 DUP(7) 
dw (?) 
db 
2 DUP 
(7) 
dw (?) 
dw (7) 
dw (7) 
dw 
(7) 
dw (7) 
dw 
8 DUP 
(7) 
dw 
(?) 
dw (7) 
dw (7) 
dw (7) 
dw 
12 DUP 
(7) 
dw 
(?) 
dw (7) 
dw 
(7) 
dw (7) 
dw (7) 
dw 
(7) 


BIU_CONTROL 
DRAH_REFRESH 
DRAM_CONTROL 
DP]RIORITY 
GP_PRIORITY 
EXTYRIORITY 


GP_OPCODE_REG 
GP_PARM1_REG 
GP]ARM2_REG 
GP_STAT_REG 


DP_OPCODE_REG 
DP_PARM1_REG 
DP_PARM2_REG 
DP_PARM3_REG 
DP_STAT_REG 
DIlF_VIDEO....REG 
realater 
ENDS 


Internal 
Relocation 
Realster 
reserved 
location 
ie 82786 
Register 
Block 
BIU 
Control 
Regi.ter 
DRAM Refresh 
control 
re.iater 
DRAM 
control 
reaister 
DP 
priority 
regi.ter 


GP priority 
re.ister 
External 
Priority 
Reaister 
re.erved 
location. 
in 82786 
Regi.ter 
Block 
GP opcode 
reaister 
GP Parameter 
1 Register 
GP 
Parameter 
2 Regi.ter 
GP Status 
Re.iater 


reaerved 
locations 
in 82786 Re.iater 
Block 
DP opcode 
reaister 
DP Parameter 
1 Register 
DP Parameter 
2 Re.ister 
DP Parameter 
3 Register 
DP 
Statu. 
Reli.ter 


DP Default 
Video 
Register 


The following program segment defines values for the Display Processor Control Block. Refer to the 82786 User's 
Manual for an explanation of each register. The comments in the program explain this setting used in our example. 


;************* 
Values 
tor 
the 
Display 
Processor 
Control 
Block: 
beg_dp_ctrl_blk LABEL word 
REGISTER NAME 
SETTING 


dw 3 
dw llllh 
dw 00010h 
dw OOOOOh 
dw OOOOOh 
dw OOOOOh 


Video 
Status 
Interrupt 
Mask 
Trip 
Point 
Frame 
Interrupt 
Reserved 
CRT Hode 


cursor 
ON 
J 
and 
display 
ON 
all 
interrupts 
disabled 
controls 
when 
DP 
fifo 
15 
loaded 
no interrupts 
on frame 
count 


non-interlaced, 
window 
status 
off. 
DP master 
mode Blank 
master 
mode. 
acceleration 
mode 
off 


The followina 
8 registers 
contain 
the 
video 
timing 
parameters 
for 
a screen 
resolution 
of 
6.0 
X 381 
pixels 
TheBe 
values 
assume 
VCLOCK = 
18MHz 
These 
values 
achieve 
a screen 
refresh 
of 
60 
Hz. 
dw 
86 
Hsyncstp 
dw 
95 
Hfldstrt 
dw 
735 
Hfldstp 
dw 
753 
Linelength 
dw 
11 
Ysynstp 
dw 
15 
Vfldstrt 
dw 
396 
Vfldstp 
dw 
398 
Framelenath 


dw DESC_PTR_LO 
; DP descr ptr low 
dw DESC_PTR_HI 
; DP descr ptr high 
dw 
OQanOh 
Reserved 
dw 
00101h 
Zoom 
factor 
: X-zoom 
dw 00006h 
Field color 
dw 00003h 
Border color 
dw OOOOOh 
1 BPP pad 
dw OOOOOh 
2 BPP pad 
dw OOOOOh 
4 BPP pad 
dw OAOFFh ; Cursor Style 
Size 
dw 
500 
; Cursor 
X-position 
dw 
180 
; Cursor 
Y-posltion 
~~eo~g6~g~i~~o~go~~gisters 
define 
the 
cursor 
bit 
pattern 
(an 
upward 
arrow): 


dw 0000001110000000b 
dw 00000ll111000000b 
dw 0000l11111100000b 
dw 000l111111110000b 
dw OOllllllllll1000b 
dw 0111011111011100b 
dw 110000ll10000110b 
dw 000000ll10000000b 
dw OOOOOOlllOOOOOOOb 
dw 000000ll10000000b 
dw 000000ll10000000b 
dw 000000ll10000000b 
dw 000000l110000000b 
dw 000000ll10000000b 
dw 000000l110000000b 
end_DP_ctrl_blk LABEL word 


The following program segment defines a Display Processor Descriptor List. The DP reads the Descriptor List every 
frame, starting over at the beginning of the Descriptor List during vertical retrace. The Descriptor List determines 
the graphics memory addresses from which display data is fetched. 


A Screen Descriptor List is composed of a header for each strip and a Tile Descriptor for each tile in a strip. (See 
Figure 3.2) 


M*BER 
OF LINES IN STRIP • 1 


LINK TO NEXT STRIP DESCRIPTOR (LOWER) 


RESERVED 
III 
IN( TO NEXT STRIP 
DESCRIPTOR (UPPER) 
~II 


RESERVED 
1l1-.eR OF TLES 
IN STRIP - 1 


BlTMAP 
WIDTH 


MEMORY START ADDRESS (LOWER) 


RESERVED 
III 


MEMORY START 
ADDRESS (UPPER) 


RESERVED 
BPP 
III 
STARTBlT 
III STOPBIT 


RESERVED 
FETCH COUNT 


T 
B 
L 
R 
WST III 
RESERVED 
III 
PC 11010 


BlTMAP WIDTH 
J 


MEMORY START ADDRESS (LOWER) 


RESERVED 
III 
MEMORY START 
ADDRESS (UPPER) 


RESERVED 
BPP 
III STARTBIT 
III STOPBIT 


RESERVED 
FETCH COUNT 


T 
B 
L 
R 
WST III 
RESERVED 
III 
PC 11010 
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3.2.4.1 
Strip Header 


The Strip Header defines the number of scan lines in the strip, the address of the next Strip Descriptor (link), and the 
number oftiles in the strip. The descriptor list in our example defines one strip, 381 lines long, composed of one tile, 
80 bytes wise (640 pixels). 


3.2.4.2 Tile Descriptor 


The Tile Descriptor defines the Bitmap Width, Memory Start Address, BPP, StartBit, StopBit, Fetch Count, Border 
Control bits, Window Status (Window ID number), Zoom Control, and Field Tile Control. 


The Bitmap Width gives the width of the source bitmap as defined by the GP DEF _BITMAP 
command when the 
bitmap was drawn. 


NOTE: 
The Bitmap Width value is not related to the tile width. 


The Memory Start Address determines the beginning location in graphics memory where data is to be fetched for a 
given tile. This address is not necessarily the beginning address of the bitmap. If the Memory Start Address is higher 
than the beginning address of the bitmap, the tile will contain an image beginning at the corresponding location in 
the bitmap. 


The width of a tile is determined by the FETCH COUNT value of the tile descriptor. The FETCH COUNT 
determines the amount of data to be fetched from graphics memory and displayed in a given tile. The value to be 
programmed into FETCH COUNT is the (Number of bytes - 
2). 


BPP is a 4-bit field containing the bpp of the source bitmap as defined by the DEF ~ITMAP 
when the bitmap was 


drawn. 


The STARTBIT and STOPBIT fields are both 4-bits wide. Although FETCH COUNT is specified as a number of 
bytes, STARTBIT 
and STOPBIT are specified as a bit location within a word (O-F). These fields give pixel 
resolution to the beginning and ending ofa tile. In our example, the STARTBIT is F and the STOPBIT is O.It is the 
responsibility of the programmer to ensure that the STARTBIT and STOPBIT settings result in a valid number of 
bits for the given bitmap depth (bpp). For example, when the bitmap is 4 bpp, the total number of bits fetched must 
be a multiple of 4. See Figure 3.3. 


Figure 3.3. STARTBIT 
and STOPBIT 


Valid STARTBIT 
and STOPBIT 
Values 


Bits/Pixel 
Valid STARTBIT 
Valid STOPBIT 


1 
- 
F,E,D,C,B,A,9,8,7,6,5,4,3,2,1,O 
F,E,D,C,B,A,9,8,7,6,5,4,3,2,1,O 


2 
F,D,B,9,7,5,3,1 
E,C,A,8,6,4,2,0 


4 
F,B,7,3 
C,8,4,0 


8 
F,7 
8,0 


When the field bit (bit zero of the last word) in a tile descriptor is set to one, the tile is filled with the color 
programmed in the FIELD COLOR register. When the field bit is set, the STARTBIT, STOPBIT, and BPP 
parameters become one 12-bit parameter that specifies the tile width in pixels. All other bits except WINDOW 
STATUS and Zoom should be programmed to zero. Although field tiles are not used in our examples, they are 
useful for filling a tile with a solid color. See Figure 3.4. 


Reserved 
Reserved 
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B L R 
IS 
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Reserved 
Reserved 
IReserved 
Reserved 
I 
Field Pixel Count· \ (lile wield!in pixels) "1 
Reserved 
I 
Reserved 
Reserved 
I WSt 
Reserved 
IReserved Z 
F 
-\ 


NOTE: 
Reserved 
fields 
must be programmed 
to zero for future 
compatibility. 
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d" DESC_PTR_BI 
d" 0 
Firat 
(and only) 
d" 0080 
d" OOOOh 
d" OOOOh 
d" OlFOh 
d" 0078 
d" OFOOOh 
; 
end_dp_deac1 
LABEL 
"ord 


;************ 
Definition 
of Display 
Processor 
Descriptor 
List: 
************ 


dp_deac1 
LABEL 
"ord 


; Beader 
of DP 
deacriptor: 


d" 
380 
(number 
of 
lines 
- 1) 
dw DESC_PTR_LO+20 
lower link to next strip descriptor (there is none, 


but 
it one 
"ere 
added. 
this 
is the 
link) 
upper 
link 
to next 
strip 
descriptor 
(there 
ia none) 
; 
(number 
of tilea 
- 1) 
Tile 
Descriptor 
8itmap 
"idth 
(number 
of bytes) 


Bitmap start 
address 
lONer 
81tmap start 
address upper 
1 bpp, 
start 
bit 
F. 
atop 
bit 
0 
Fetoh 
count 
= 
(number 
of byte. 
- 2) 
All 
4 borders 
on, window 
status=O,PC 
mode 
off,field 
off 
; *********** 
End 
of 
DP descriptor 
list. 
********* 


A GP command list consists of a series of GP opcodes and parameters. The Graphics Processor reads and executes 
the command list until a halt instruction is encountered. 


The first command (DEF ~ITMAP) 
sets the beginning address in graphics memory of the bitmap to be modified. 


This command also sets the bitmap dimensions and the number of bits per pixel (bpp) of the bitmap. All subsequent 
drawing commands will affect this bitmap until a new DEF ~ITMAP 
command is issued. It is the resonsibility of 
the programmer to ensure the BPP in the tile descriptor is the same as the BPP used by the GP when drawing the 
picture. 


Bitmaps must begin at a word (even byte) address. Also, a bitmap must be an integral number of words wide. The 
value for xmax must satisfy the following equation: 


Next, the DEF _TEXTURE, 
DEF _COLORS, 
and DEF _LOGICAL_OP 
commands are issued. These settings 


stay in effect for all subsequent drawing commands. They can be reset whenever necessary. 


Next, an ABS~OVE 
command is issued to move the Graphic Current Position Pointer (GCPP) to the beginning 
location of the drawing. The remainder of the GP Command List in our Example is composed of REL~OV, 
LINE, and ARC_INCL 
commands. 


The HALT command at the end of the GP command list is very important. The GP continues execution until it 
encounters a HALT instruction (a NOP with the ECL bit set). If the HALT instruction is not present, the GP will 
continue fetching and trying to execute instructions until it reaches a "command" with the low bit set. 


Several different GP command lists may be kept in graphics memory at the same time. Each command list may be 
executed by writing the appropriate address into the GP parameter registers and then writing a LINK command into 
the GP Opcode Register. 


(0,0) 


ABS_MOY,10,10 
l"~T~'~ 
RELMOY, 
... 


- 35,~5: 


. 
.. 
LINE, 35, 0 


RECTANGLE, 
35,135 


2--: 
ARC_INCL, 
-30,10,- 
5,35,- 
5 


;********** 
Definition 
of Graphics 
Processor 
Co••• nd List: 
•••••••••••• 
aP_lisU 
LABiL 
word 
dw Dlr_BITHAP. 
BITHAP_O_LO. 
BITHAP_O_HI, 
639 
• 380 
, 1 
address 10 . address hi , 
XIII.X, 
Y8ax, bits 
per pixel 


dw DI'_TEXTURE_OP. 
OrrrTh 
dw DI'_COLORS. 
OrrrTh, 
OOOOOh 
dw DEr_LOGI CAL_OP, 
OrrrTh, 
00005h 


;•••••*••••••**•••• **.**.. 
Dra•• Intel 
loco: 
•••••••••••••••••••••••• 
dw 
ASS_MOV. 
X. Y 
; Kov. 
to be.1nnin. 
position 
for 
draw1n._ 


dw 
LINI. 
35. 
0 
; Dot 
the 
-1" 


dw 
LINI. 
O. 
35 
dw 
LINE, 
-35, 
0 


dw 
LIME. 
O. 
-35 
dw 
RIlL_MOV. 0, 
45 
dw 
LIME. 
35. 
0 
Draw 
bod,. of 
"1" 


dw 
LINI. 
O. 
135 
dw 
LINE. 
-35. 
0 
dw 
LINI. 
0, 
-135 


d" 
RBL_HOV,42, 
0 
re-posl tion 
for 
"N" 


dw 
LINE. 
35. 
0 
Dra•• "N" 
dw 
LINI. 
0 
• 12 
dw 
RIlL_MOV, 0, 
32 


dw 
LINI. 
0, 
90 


dw 
LINI. 
-35. 
0 
dw 
LINI. 
0, 
-135 
dw 
RlL_MOV, 
51, 47 
dw 
ARC_INCL. 
-20, 
-20, 
40. O. 
16 
dw 
RlL_HOV, 
12, -4 
dw 
ARC_INCL, 
-27, 
-50. 
50. 
-10. 
42 
dw 
RlL_HOV. 
5, 3 
dw 
LINE, 
0, 
90 
dw 
LINI, 
35, 0 
dw 
LINE. 
O. 
-105 
dw 
RlL_MOV. 
15. 90 
r.-poai tion 
to draw 
"t" 


dw 
LINE. 
O. 
-95 
dw 
LINE. 
-12,0 
dw 
LINI. 
O. 
-25 
dw 
LINI. 
12, 0 
dw 
LINI. 
O. 
-45 
dw 
LINE. 
35.0 
dw 
LINE. 
0.45 
dw 
LINE. 
15.0 
dw 
LINE. 
O. 
25 
dw 
LINI. 
-15. 
0 
dw 
LINI. 
O. 
77 
dw 
LINE. 
15, 0 
dw 
RlL_HOV. 
O. 
30 
dw 
LINE, 
-31, 
0 
dw 
RIlL-"OV. 5. -25 
dw 
ARC_INCL. 
-30. 
10. 
-5. 35. 
25 
;draw curve 
at 
low.r 
1.ft 
of 
Nt" 


dw 
RlL_MOV. 
80, 
-5 
dw 
LINE. 
45.0 
dw 
RlL_MOV. 
31,0 
dw 
LINI. 
6.0 
dw 
LID, 
0, 
-150 
Dr•• 
"1" 


dw 
LINI. 
35, 0 
dw 
LINE. 
O. 
180 
dw 
LINE. 
-120. 
0 
dw 
RlL_MOV. 
52, 
10 
dw 
LINE, 
37, 0 
dw 
RlL_MOV. 
-85. 
-40 
dw 
ARC_INCL. 
-30. 
-30, 
30. O. 
22 
Draw 
..•.. 


dw 
ARC_INCL. 
-85. 
-85, 
65, 0, 
54 
dw 
RlL_MOV. 
2. 30 
dw 
ARC_INCL. 
-30, 
0, 
25,30 
,27 
dw 
RlL_MOV. 
3, 0 
dw 
ARC_INCL. 
-85, 
0, 
59, 85 
,80 
dw 
HALT 


len_aP_listl 
LABlL 
word 


inter 


;************************ 
Pro.ram 
execution 
be.ina 
here. 
main: 
may ax, dat.a 
Load data 
aepent 
looation 


mav 
da,ax 
into 
DS 
realater 


mov 
ex,ra.later 
mov 
as,AX 


This section of code provides a standard Assembly Language program header. This code loads the DS (Data 
Segment Register) and the ES (Extra Segment Register). The ES register is used to access the 82786 Internal 
Registers. 


;*********************** 
Software 
Reset 
ot 
82786 
*************************** 
To 
reset 
the 
82786 
on 
the 
Intel 
Evaluation 
Board 
(Rev 
C2); 
Set 
and 
then 
reset 
bit 
4 at 
I/O 
location 
300. 


mov 
aX,OOlOh 
mov 
dx,PAGE_PORT 
out dx,ax 


This section of code performs a reset of the 82786 by setting and then resetting bit 4 of the CPU I/O port 300 (hex). 
The EVB then issues a reset signal to the 82786 RESET pin. 


The following sections of code initialize the 82786 Bus Interface Unit (BIU). BIU initialization is accomplished by 
writing the correct values into each of the BIU registers. A brief description of each register follows. 


The folloH1n. 
two 
lines 
write 
a value 
of 0110 
(hex) 
into 
the 
lnternal 


relocation 
reaister. 
This 
sets 
the 
82788 
reaisters 
tor I/O 
- mapped 


access 
at 
I/O 
looations 
4400 
throuah 
447F. 
The 
Intel 
Evaluation 
Board 


decodes 
a CPOaeaorJ" 
acoeaa at aemory locations 
C4400 t.hrouah 
C447F and 


aenerates 
an 
I/O 
sccess 
to the 
82786. 
The 
82786 
comes 
up 
in 
I/O mode 


and byte modeafter 
reset. 
Access to the realaters 
must be one byte 


at a time 
until 
WORD 
mod. 
is set. 
mov INTER_RELOC,lOh 
; Write low byte into 
lnternal 
relocation 
realater. 
mov 
INTIR_RELOC[ll,Oih 
; Write 
hiah 
brte 
into 
internal 
relocation 
reaister. 


The INTERNAL 
RELOCA nON 
register is set first. The 82786 comes up in byte mode after RESET; therefore, 
this register is set by writing one byte at a time. 


The desired base address for the 82786 registers is 004400 (hex). The base address must always be located on a 128 
word boundary. (The registers are accessed at locations 004400 through 00447F.) An 82786 address is 22 bits long. 
The upper 15 bits of the desired base address is written into the upper 15 bits of the Internal Relocation Register. 


We want to set the chip for 1/0 mode, therefore, a zero is written into the MilO bit. Therefore, we write a value of 
0110 (hex) into this register. See Figure 3.6. 


BIU 
Internal Relocation Register 


0000 


o 


0100 


4 


0100 


4 


1« 
-I 
MilO 
-0-0-0-0--0-0-0-1--0-0-0-1--0-0-0-0~~ 


Value written in register = 0110 Hex 


Figure 3.6 


The 
tollowin& 
two 
lines 
write 
a value 
ot 0011 
(hex) 
into 
the 
BID 
control 
re.ister. 
This 
sets 
the 
Internal 
He.ister 
Block 
tor 
16-bit 
WORD 
access 
by 
the 
External 
CPO. 
All 
subsequent 
access 
to 
the 
82786 
resisters 
is by 
, 
WORD access. 
mov 
BIO_CONTROL,10h 
; Write 
low byte 
into 
BID 
control 
resister 
mov 
BIO_CONTROL[11.00h 
; Write 
hiah 
byte 
into 
BID 
control 
re.ister 


These two lines set the BIU Control Register. Because the 82786 is in byte mode after RESET, this register is written 
one byte at a time. After setting this register for word mode, all subsequent register access is by word mode. 


BIU Control Register 
15 • 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
1 
0 


0 
0 
0 
0 
0 
0 
0 
0 
01= 
0 
0 


Unused 
VA 
WT 
BCP 
GI 
01 
WP1 
WP2 
Figure 3.7 


The BIU Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program 
follow: 


VR = 0 
Set for conventional DRAM memory cycles (not VRAM). 


WT = 0 
Number of wait states in synchronous 80186 interface. The synchronous 80186 interface is not used in our example; 
therefore, this is a "don't care" setting. 


BCP = I 
This sets the External CPU for 16-bit word access. 


GI and DI 
When the 82786 issues an interrupt, these two bits can be read to determine which processor has issued the interrupt, 
then either the DP or GP Status Register can be read to determine the cause of the interrupt. 


inter 


WPI and WP2 
The write protect bits are not set in our Example program. 


The value programmed in this register depends on the refresh requirements of the DRAMs, the clock speed, and the 
number of DRAM row addresses. The value for the Refresh Scalar can be calculated by the following formula: 


T,efXCLK 
16x Refresh Rows 


Where: 
Tref = Refresh Time interval 
CLK = 82786 System Clock speed 
Refresh rows = Number of DRAM rows requiring refresh 


In our example, we have: 


4 msx20 MHz 
----- 
- 
1 = 18.53 
16 x 256 


NOTE: 
DRAM refresh cycles can be turned off by programming a value of 3F (hex) into the DRAM Refresh Register. 


12 
11 
,10 
000 


Unused 


7 
6 
543 
2 
1 
0 
01= 
RW1 
RW2 
DC1 
DCO 
HT2 
HT1 
HTO 


The DRAM Control Register has seven one-bit fields as shown in Figure 3.7. The settings for our Example program 
follow: 


RWI and RWO indicate the number of rows of graphics memory. 
RWI = 0, RWO = 0 indicates one row of graphics memory. 
DCI and DCO indicate DRAMIVRAM 
configuration. 
DCI = I, DCO = I indicate Fast Page Mode, Interleaved. 
HT2, HTl, and HTO indicate the DRAMIVRAM 
Height of graphics memory. 
HT2 = I, HTI = 0, HTO = I indicates 256K x N-type DRAMs. 


inter 


mov 
OP_PRIORITY. 
003Fh 
Write 
value 
into 
OP 
priority 
register. 


mov 
GP_PRIORITY.OOO9h 
Write 
value 
into 
GP 
Priority 
register 


mov 
EXT_PRIORITY.OO28h 
Write 
value 
into 
External 
Priority 
reaister. 
240048-45 


15 
14 
13 
12 
11 
10 
9 
8 
7 
6 
5 
4 
3 
2 
0 


DPPriority'= 
0 
0 
0 
0 
1 
1 
1 
1 


Reserved 
First 
Second 


Priority 
Priority 


GP Priority I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 I 0 
0 
0 
0 


Reserved 
First 
Second 


Priority 
Priority 


External 
I 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 I 
1 
0 
0 
0 
0 I 


Reserved 
First 
Reserved 


Priority 


Bus access priorities are programmable for the GP. DP and External Processor. Note that DRAM refresh is not 
programmable and always has highest priority. The First Priority Level (FPL) is used to obtain bus access; Second- 
ary Priority Level (SPL) is used to keep the bus when another processor makes a request. The highest priority is 111 
(binary). The lowest priority is 000. Refer to the "82786 User's Manual" Section 4.3-Bus 
Cycle Arbitration. 


NOTE: 
These priorities may be changed at any time during program execution. 


;*************** 
Clear 
Paa. 
0 of Graphics 
memory 
(84K 
bytes): 
**************_ 


mav 
ax,SEG_GR_MEH 
; Graphics 
•• mory 
apace 
1s in the 
'A' se•• ent 


mov ds,.x 


mav 
ax,O 


mov 
dx.PAGE_PORT 
out dxI ax 
Select 
paa. 0 -ot araphics 
memory 


mav 
bx.O 


mav 
cx,32767 


mav si,O 
CLEAR_HEHORY: 


mov 
[ei). bx 


add 
s1,2 
loop 
CLEAR_HEHORY 


Page zero of graphics memory is used for storing the bitmap. Before drawing into the bitmap, it must be cleared 
(filled with zeroes). 


This section of code clears page 0 of graphics memory by writing zeros into each memory location. First, the segment 
address of Graphics Memory space is written into the CPU DS register. Next, page zero of graphics memory is 
selected by writing a zero into the Page Select Register on the Evaluation Board. The loop command is used to clear 
32767 words (64 Kbytes) of memory. 


The GP bit_blit 
command using logical operator 0, or the scan_lines 
command using color 0 may also be used as a 
fast technique for clearing a section of graphics memory. 


5-248 


;****** Prepare 
08. 
ES. 
and 
Dir 
rIa_ 
for 
use 
with 
RIP 
HOVSB 
instruction. 
****** 
mov ax.On 
mov 
dx,PAGE_PORT 
out dx,ax 
Select pa.e F of .raphica me.ory 


mov 
ax,61G 
be __ dp_ctrl_blk 
mov ds,ax 
mov 
ax.6IG_GR_HBK 


may es,.x 
cld 
and extra 
sep.ent.. 
Clear 
Direction 
Fla., 
seta 
auto-lnere.ant 
of 
61 
and 
DI 
when 
usin« 
RIP 
instruction. 


This section of code performs the necessary preparation for the next three sections: moving the DP Control Block, 
DP Descriptor List, and GP command list from CPU memory to Graphics Memory. 


Page F of graphics memory is the desired destination of these three blocks of data, therefore page F of graphics 
memory is selected by writing to the PAGEJORT. 
Next, the Data Segment and Extra Segment registers are 
written. Lastly, the Direction Flag is cleared. This is necessary to cause the string instruction to auto-increment the 
SI and DI index registers. 


;***** Copy 
DP 
CONTROL 
BLOCK 
REGI6TERS 
froa 
CPU 
aemory 
to 
Graphics 
Heaory. 
lea 
cx, 
end_DP_ctrl_blk 
sub 
cx. 
offset 
be __ dp_ctrl_blk 


lea 
si, 
be __ dp_etrl_blk 


mov 
di, 
offset 
DP _RIG_HAP 


rap 
Ilovab 
Hove 
CX bytes 
from 
D6:[6IJ 
to E6:[DIJ 
thus, 
eopyin_ 
DP 
Control 
Block 
Re_isters 
frc. 
CPO 
-.>ry 
to 
Graphics 
aeaory. 


This section of code copies the values for the DP Control Block registers from CPU memory to Graphics Memory 
beginning at address FFOOO(hex). 


;******* Copy 
DP 
Descriptor 
List 


lea 
ox, 
end_dp_deacl 


sub 
ex, 
oftaat 
dp_deacl 


lea 
ai, 
dp_deacl 
aov 
di, 
offset 
DISC_PTR_LO 


rap .ovah 
Hove 
CX 
bytes 
froa 
D6: [61J 
to 
16: [DIl 
thus 
eopyin« 
DP 
descriptor 
list 
from 
CPO 
memory 
to 
,raphics 
memory. 


This section of code copies the values for the DP Descriptor List from CPU memory to Graphics Memory beginning 
at address FFIOO (hex). 


i********* 
Copy 
GP ca.aand 
list 
Irea 
CPU 
.emory 
to .raphlca 
..-cry: 
lea 
ex, 
len_~_l1stl 


sub 
ex. 
offset 
~_l1st1 
lea 
ai. 
O'_l1atl 
mov 
di. 
offset 
GP_LI6T-iTR_LO 


rap aovab 
Hove 
CX 
bytes 
from 
08: [6IJ 
to 16: [DIJ 
thus 
copyin_ 
GP 
coaaand 
list 
froa 
CPU 
.emory to .raphics 
meaory. 


inter 


This section of code copies the GP command list from CPU memory to Graphics Memory beginning at address 
FF200 (hex). The labels in the program marking the beginning (gpJstl) 
and ending (Ie~Jstl) 
of the GP 
command list provide a convenient method for determining the length of the GP command list. Commands may be 
added or deleted from the command list, the program computes the number of bytes to be copied into graphics 
memory. 


********************* 
S~art up the 
Display 
Prooessor: 
******************** 
moy DP_PARH1_REG.DP_REG_HAP_LO 
parameter 1 for dp command 
moY DP_PARH2_REG.DP_REG_HAP_HI 
parameter 2 for dp command 
moy DEF_VID!O_RlG,O 
Write 0 in Default Video reeister 
moy DP_OPCOD!~G. 
LOADALL 
Write opcode reeister. thus startine up 
the 
Display 
Processor 


This section of code starts up the Display Processor. First, the address of the values for the DP Control Block 
Registers are written into the DP Parameter registers. The lower part of the address is written into PARAMETER 
I 
Register; the upper part of the address is written into PARAMETER 
2 Register. The Default Video Register is 
assigned zero. Lastly, the LOADALL opcode is written into the DP OPCODE register, thus starting operation of 
the DP by loading the values for the DP Control Block. 


It is important 
to write the address for the LOADALL 
command into the Parameter 
registers before the 
LOADALL command is written into the opcode register. If the LOADALL command is written first, the registers 
will be loaded immediately, from an erroneous location. 


Now, all the pointers and data structures for the Display Processor are in place. The Descriptor Pointer now points 
to a valid Descriptor List which points to a valid bitmap area in graphics memory. Refer to Figure 3.9. 


intJ 


V.lue. for DP 
Control Block 


Regl"." 


v.,..•• tor 
DP_Control 
Block 
DP_Conlrol 
Block 
Regll'.'. 
Loed_AII 
Reglltor. 


********************* 
Execute the GP commandl1et: 
******************* 
mov 
GP_PARH1_REG,GP_LIST_PTR_LO 
parameter 
1 for GP command 


mov 
GP_PARH2-REG,GP_LIST_PTR_HI 
parameter 
2 for GP 
command 


mov 
GP_OPCODK_REG, 
LINK 
Write 
opcode 
realater, 
thus 
startina 


execution 
of 
the 
Gf command list. 


This section of code starts up the Graphics Processor. First the lower and upper address of the GP command list are 
written into the GP Parameter Registers I and 2, respectively. Next, the opcode for the GP LINK command is 
written into the GP opcode register. When a zero is written into the End of Command List (EeL) bit (lowest bit) the 
GP begins execution. The LINK command causes the GP execution to continue at the indicated address. 


.•..•...• 
., .•.•.•.• 
yv .•i<a.•.••.••.V 
••.•.•••. 
'" 
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register. If the LINK command is written first, the GP will begin execution immediately, executing an erroneous 
command list. See Figure 3.10. 


GP Parameter 
Registers 


Lower Part of Address 
- 
Parameter 
Register 
1 


Upper Part of Address 
- 
Parameter 
Register 
2 


i************************ 
mov 
ah.4Ch 
into 2lh 


Terminate 
pro.ram: 
************************* 


Call 
BI05 
t.erminat.e 
funct.ion 
to 
return 
to 
MS-DOS 
operatina 
system. 


Initialize 
the 
82786 
registers. 
proaram 
the 
Display 


Processor 
(DP) 
for 
one 
full-screen 
window. 
and 
draw 
a 


simple 
graphics 
imaae 
usina 
the 
Graphics 
Processor 
(GP). 


inter 


;***************** 
Pro.rall 
SEG_GR_HEH 
equ 
OAOOOh 
SEG_786_REG 
equ 
OCOOOh 
DP_REG_HAP 
equ 
OFOOOh 


DP_REG_HAP_LO 
DP_REG_MAP_RI 
DESC_PTR_LO 
DESC_PTR_RI 
GP_LIST_PTR_LO 
GP_LIST_PTR_RI 
BITHAP_O_LO 
BITHAP _O_HI 
PAGE_PORT 


equ 
DP_REG_HAP 
equ 
OOOOFh 
equ 
OFlOOh 
equ 
OOOOFh 
equ 
OF200h 
equ 
OOOOfh 
equ 
OOOOh 
equ 
OOOOh 
equ 
0300h 


Constant 
definitions: 
***************** 
Sepent 
to access 
.raphic8 memory. 
Sapent to access 82786re.lsters. 
Address in araphiclS aeaory used to load 
DPcontrol 
values to/from DPregisters 


Startin. 
address 
of bi t.ap_O 
(lower 
byte) 
Startin. 
address 
of bit.ap_O 
(hi.h 
byte) 
I/O address 
tor 
araphlcs 
mempaae select 
reg. 


;******************** 
Display 
Processor 
opcodea: 
LOADREG 
equ 
400h 
LOADALL 
equ 
500h 
DllHPREG 
equ 
600h 
DUHPALL 
equ 
700h 


j******************** 
Graphics 
Processor 
opcodes: 
ABS_HOV 
equ 
4FOOh 
ARC_EXCL 
equ 
6800h 
ARC_INCL 
equ 
6900h 
CIRCLE 
equ 
8EOOh 
DEF_BITMAP 
equ 
1AOOh 
DEF_COLORS 
equ 
3DOOh 
DEF_LOGICAL 
OP 
equ 
4100h 
DEF_TEXTURE-OP 
equ 
0600h 
LINE 
- 
equ 
5400h 
LINK 
equ 
0200h 
POINT 
equ 
5300h 
REL_HOV 
equ 
5200h 
HALT 
equ 
0301h 


j*********** 
Location. 
tor 
the 
82786 
Internal 
Reel.ter 
Block: 
re.ioter 
SEGHIlNT at OCUOh 
INTEICRELOC 
db 
2 DOP(1) 
dw (7) 
db 2 DOP (1) 
dw (7) 
dw (7) 
dw 
(7) 
dw (7) 
dw (7) 
dw 
8 DOP 
(1) 
dw 
(7) 
dw (1) 
dw 
(7) 
dw 
(1) 
dw 
12 DUP 
(1) 
dw (1) 
d" 
(1) 
d" (1) 
d" (1) 
d" 
(7) 
d" 
(7) 


BIU_CONTROL 
DRAMJIIl!'llllSB 
DIWLCONTROL 
DP _PRIORITY 
GP_PRIORITY 
EXTJ'RIORITY 


GP_OPCODE_REG 
GP_PARI!lJ11lG 
GP_PARI!2_REG 
GP_STATJIIlG 


Internal Relocation Reaister 
reserved 
location 
ls 82786 
Re.later 
Block 
BIU 
Control 
Re.later 
DRAM 
Refresh 
control 
re.iater 
DRAM 
control 
realater 
DP priority 
reaister 
GP prlorlty 
re.later 
External 
Prlority 
Re.later 
reaerved 
locatlons 
In 82786 
Re,later 
Block 
GP opcode 
redster 
GP Pareaeter 
1 Re.later 
GP 
Pareaeter 
2 Re.later 
GP Statua 
Re.later 
reaerved 
locatlon. 
In 82786 
Re.later 
Blook 
DP 
opcode 
re.lster 
DP Pareaeter 
1 Re.later 
DP Paraaeter 
2 Re.later 
DP Parameter 
3 Re,later 
DP 
Status 
Re.later 
DP Default 
Vldeo 
Realater 


;************* 
Values 
tor 
the Display 
Processor 
Control 
Block: 
be._dp_ctrl_blk LABEL word 
; REGISTER NAME 
SETTING 


dw 
3 
dw lll1h 
dw 00010h 
dw OOOOOh 
dw OOOOOh 
dw OOOOOh 


j--------------- 
Video Status 
Interrupt 
"ask 
Trip Point 
Frame 
Interrupt 
Reserved 
CRT Hode 


cursor 
ON, 
and display 
ON 
all interrupts disabled 
controls when DP fifo is loaded 
no interrupts 
on tratle count 


non-interlaced, 
window 
status 
oft, 
DP muter 
mode 
Blank 
master 
tlode, 
acceleration 
mode 
oft 


The 
tollowin. 
8 registers 
contain 
the video 
timin. 
parameters 
tor 
a screen 
resolution of 840 X 381 pixels. 
These values assume 
VCLOCK = 18KHz. 
These 
values 
achieve 
a screen 
refresh 
of 60 Hz. 


dw 
86 
Hsyncstp 
dw 
95 
Hfldstrt 
dw 
735 
Hfldstp 
dw 
753 
Linelen~h 
dw 
11 
Vsynstp 
dw 
15 
Vfldstrt 
dw 
396 
Vfldstp 
dw 
398 
Framelen~h 


dw DESC_PTR_LO ; DP descr ptr low 
dw DESC_PTR_HI ; DP descr ptr hi.h 
dw OOOOOh 
Reserved 
dw 00101h 
Zoom 
factor 
: X-zoom 
2. Y-zoom 
dw 00008h 
Field color 
dw 00003h 
Border color 
dw OOOOOh 
1 BPP pad 
dw OOOOOh 
2 BPP pad 
dw OOOOOh 
4 BPP pad 
dw OAOFFh 
; Cursor 
Style 
Size 
16 X 
16, transparent. 
cursor 
pad 
dw 500 
Cursor X-pOsition 
dw 
180 
Cursor 
Y-position 


The 
following 
16 registers 
define 
the 
cursor 
bit pattern 
(an upward 
arrow): 
dw OOOOOOOiOOOOOOOOb 
dw 0000001110000000b 
dw 0000011111000000b 
dw 0000111111100000b 
dw 0001111111110000b 
dw 0011111111111000b 
dw 0111011111011100b 
dw 1100001110000110b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
dw 0000001110000000b 
end_DP_ctrl_blk LABEL word 


;************ 
Definition 
of Display 
Processor 
Descriptor 
List: 
************ 
dp_desc1 LABEL word 
Header of DP descriptor: 
dw 380 
(number of lines - 1) 
dw DESC 
PTR 
LO+20 
lower 
link 
to next 
strip 
descriptor 
(there 
18 none, 
- 
- 
but if one were added. this is the link) 
dw DESC_PTR_HI 
upper link to next strip descriptor (there 1& none) 
dw 0 
(number of tiles - 1) 
First (and only) Tile Descriptor 
dw 0080 
Bitmap width (number of bytes) 
dw OOOOh 
Bitmap 
start 
address 
lower 
dw OOOOh 
Bttmap 
start 
address 
upper 
dw 01FOh 
1 bpp, start bit F. stop bit 0 
dw 0078 
Fetch count = (number of bytes - 2) 
dw OFOOOh 
All 4 borders on,window status=O.PC mode off,field off 
end_dp_desc1 
LABEL 
word 
; *********** 
End 
ot 
OP descriptor 
list. ********* 


j.*.*.* ••• * 
Definition 
of Graphics 
Processor 
Command 
List; 
••**** •• *••• 
fi'_l1atlLABIL "ord 
d" DIY_BITHAP. BITKAP_O_LO, BITHAP_O_HI. 839 , 390 . 1 
addreas 10 . address 
hi 
, XIIax, YJlU. 
bi ta per pixel 


d" DIf_TEXTlJRI_OP.OrrJ'l'h 
d" DIY_COLORS. OFFFFh. OOOOOh 
d" DIY_LOGICAL_OP, OYFJ'l'h.00005h 


;••••••••••*•••••••••••*.. 
Draw Intel 
10&0: 
•••••••••••••••••••••••• 
d" 
ABSJtQV, 
X, Y 
i Hove to beainnin. 
position 
for dr.win •. 


d" 
LINI, 
35, 
0 
; Dot tha "1" 


d" 
LINI. 
O. 
35 
d" 
LINI. -35. 
0 
d" 
LINI, 
0, -35 
d" 
HlL_HOV, O. 45 
d" 
LINI. 
35. 
0 
Dr." bod,.of "1" 


d" 
LINI. 
O. 
135 
d" 
LINI, 
-35. 0 
d" 
LINI, 
0, 
-135 


d" 
HlL_HOV. 42. 0 
ra-poa1t1on for "N" 
d" 
LINK, 35, 0 
Draw "N" 
d" 
LINI. 0 • 12 
d" 
HlL_HOV. O. 32 
d" 
LINI, 0, 90 
d" 
LINI. -35. 0 
d" 
LIKI, O. 
-135 
d" 
BlL_HOV. 51, 47 
d" 
ARC_INCL. -20. -20, 40, 0, 18 
d" 
BlL_HOV, 12. -4 
d" 
ARC_INCL, -27, -50. 50, -10. 42 
d" 
HlL_HOV. 5. 3 
d" 
LINI. O. 90 
d" 
LIKI. 35. 0 
d" 
LINI. 0, -105 
d" 
HlL_HOV. 15. 90 
ra-poait10n to dr." "t" 
d" 
LINI, O. -95 
d" 
LIKI, -12,0 
d" 
LIKI, 0, -25 
d" 
LINI, 12, 0 
d" 
LIKI, 0, -45 
d" 
LIKI, 35,0 
d" 
LINI. 0,45 
d" 
LINI, 15,0 
d" 
LIKI, 0, 25 
d" 
LIKI, -15, 0 
d" 
LIKI, 0, 77 
d" 
LIKI. 15. 0 
d" 
BlL_MaV, O. 30 
d.. 
LIKI, -31, 0 
d.. BlL_HOV, 5. -25 
d" 
ARC_INCL, -30, 10. -5. 35, 25 
;dra" curva .t lowar laft of "t" 


d" 
BlL_HOV, 80. -5 
d" 
LINI. 45.0 
d" 
BlL_HOV. 31.0 
d" 
LIKI, 8.0 
d•• LIKI. O. -150 
Dr." "1" 


d" 
LINI. 35. 0 
d.. LINI, O. 180 
d" 
LINI, -120, 0 
d" 
BlL_HOV. 52. 10 
d" 
LIKI. 37. 0 
d" 
BlL_HOV. -85. -40 
d" 
ARC_INCL. -30. -30. 30. 0, 22 
Dr." "a" 
d" 
ARC_INCL. -85. -65. 65. O. 54 
d" 
HlL_HOV. 2. 30 
d" 
ARC_INCL. -30, O. 25.30 .27 
d" 
HlL_MaV. 3. 0 
d" 
ARC_INCL. -65. 0, 59, 65 ,80 
d" 
HALT 
len_fi'_liatlLABlL ••ord 


;************************ 
Proaram. execution 
beaina 
here. 
main: 


mov 
ax,data 
Load 
data 
seament 
location 
mov 
da,ax 
into De rea1ater 
mov 
ax,reaister 
mov 
eS,ax 


;*********************** 
Software 
Reset 
ot 
82786 
*************************** 
To 
reset 
the 
82788 
on 
the 
Intel 
Evaluation 
Board 
(Rev 
C2): 
6et 
and 
then 
reset 
bit 
4 at 
I/O 
location 
300. 


mov 
AX,OOlOh 
mov 
dx.PAGE_PORT 
out dX,ax 


The followina 
two 
linea 
write 
a value 
ot 0110 
(hex) 
into 
the 
internal 
relocation 
redatar. 
This 
a••ta 
th•• 82788 
reaiat ••ra for 
I/O 
- mapped 
acc ••aa at 
I/O 
locationa 
4400 
throuah 
447F. 
Th •• Intel 
Evaluation 
Board 
decodes 
a CPO memory 
access 
at memory 
lccations 
C4400 
throuch 
C447P 
and 
aen ••ratea 
an 
I/O acc ••aa to the 
82786. 
Th•• 82788 
comea 
up 
in 
I/O mode 
and byte 
mode 
after 
reset. 
Accesa 
to the rea1aters 
must 
be one byte 
at a ti••••until 
WORD 
mod.. ia aet . 
••ov 
INTER_RELOC.I0h 
; Writ •• low byt •• into 
internal 
r••location 
r"aiat ••r. 
mcv 
INTIR_RELOC[ll.01b 
; Write 
biah 
byte 
into 
internal 
r••location 
r•••iater. 


Th•• followina 
two 
linea 
write 
a value 
of 0011 
(hex) 
into 
the 
BIU 
control 
reaiater. 
Thia 
aeta 
the 
Internal 
Re.iater 
Block 
for 
16-bit 
WORD 
acceaa 
by 
the 
External 
CPU. 
All 
aubaequent 
acceas 
to 
the 
82786 
r"aist ••rs 
ia by 
WORD 
acce ••••. 
••ov 
BIU_OONTROL.I0h 
; Write 
low byt •• into 
BIU 
control 
re.iat ••r 
••ov 
BIU_CONTROL[ll.00b 
; Write 
biah 
byte 
into 
BIU 
control 
re.ister 


••ov 
DP_PRIORITY. 
003Fh 
Writ ••value 
into 
DP priority 
re.iater. 


mcv 
GP_PRIORITY,0009h 
Writ ••value 
into 
GP 
Priority 
r•••iat ••r 


mov 
IXT_PRIORITY,0028h 
Write 
value 
into 
Bxternal 
Priority 
reaister. 


;*************** 
Clear 
Paae 
0 of Graphics 
memory 
(64K bytes): 
**************$ 
mov ax,SEG_GR_HEH 
Graphics .emory space is in the 'A' aecaent 
mov 
ds,ax 


IItQV ax,O 
mov 
dx.PAGE_PORT 
out dx, ax 
Select 
paae ° of araphics 
memory 


mov 
bx,O 
••ov c)(.32767 
mov 
si,o 
CLEAR_MEMORY: 


mov [a1], bx 
add 
ai.2 
loop 
CLEAR_MEMORY 


inter 
Ap·408 


j****** 
Prepare 
DS, 
ES. 
and 
Dlr 
Flaa 
for 
use 
with 
REP 
HOVSB 
instruotion. 
****** 
mav 
aX,OFh 
mov 
dx, PAGlCPOR'I' 
out 
dx, ax 
Select 
pace 
F ot araphic8 
memory 


mov 
ax,SEG 
beC_dp_ctrl_blk 
mav 
dS,ax 
mov 
ax,SEG_GR_MEM 
mav 
ea,ax 
cld 


;***** COpy 
DP 
CONTROL 
BLOCK 
REGISTERS 
lea 
cx, 
end_DP_ctrl_blk 
sub 
cx, 
oft set 
beC_dp_ctrl_blk 
lea 
51, 
belLdp_ctrl_blk 
mov 
di, 
otfset 
DP JlEG_!lAP 
rep movab 


and 
extra 
seement-. 
Clear 
Direction 
Fla., 
sets auto-increment 
ot SI 
and 
DI 
when 
usinc 
REP 
instruction. 


Hove 
CX 
bytes 
trom 
DS:[SI] 
to 
ES:[DI] 
thus, 
copyinc 
DP 
Control 
Block 
Recisters 
troa 
CPU 
meaory 
to 
Graphics 
memory. 


;******* 
COPT 
DP 
Descriptor 
List 
from 
CPO 
memory 
to 
Graphics 
memory. 
******** 
lea 
ex, 
end_dp_deacl 
sub 
ox, 
offset 
dp_deacl 
lea 
si, 
dp_descl 
mov 
di, 
oUset 
DIESC_P'I'R_LO 
rep mavab 
Hove 
CX 
bytes 
trom 
DS:[SI] 
to 
ES:[DI] 
thus 
copyinc 
DP 
descriptor 
list 
trom 
CPO 
memory to 
araphlcs 
memory. 


i********* 
COPT 
OP co-mand 
list 
from 
CPU 
memory 
to araphica 
memory: 
lea 
cx, 
len_cp_l1stl 
sub 
cx, 
ottset 
cp_Iistl 
lea 
sl, 
aP_llatl 
mov 
di, 
ottset 
GP_LIST_P'l'R_LO 
rep 
movab 


********************* 
Start 
up 
mov 
DP_PARH1_RIEG,DPJlEG_HAP_LO 
mov 
DP_PARH2JlEG,DPJlEG_!lAP_HI 
mov 
DIEF_VIDIEO_RlG,O 
mov 
DP_OPCODJ:JlBG, 
LOADALL 


Hove 
CX 
bytes 
trom 
DS:[SI] 
to 
IES:[DI] 
thus 
copyinc 
GP 
command 
list 
trom 
CPO 
lDellory to 
araphlcs 
memory. 


the 
Display 
Processor: 
******************** 
parameter 
1 for 
dp 
command 
parameter 
2 tor 
dp 
command 
Write 
0 
in 
Detault 
Video 
recister 
Write 
opcode 
realster. 
thus 
startina 
up 
the 
Display 
Processor 


********************* 
ltzecute 
the 
GP 
co_and 
list: 
******************* 
mov 
GP_PARH1_RlG,GP_LIST_P'I'R_LO 
parameter 
1 tor 
GP 
c.,..and 
mov 
GP_PARH2-REG,GP_LIST_P'l'R_BI 
parameter 
2 tor 
GP 
command 
mov 
GP_OPCODK_REO. 
LINK 
Write 
opcode 
reaister. 
thus 
startina 
execution 
of 
the 
GP 
command 
list. 


i************************ 
mov ah,4Ch 
int 
21h 


stack 
SEGMENT 
stsck 
DW 
64 
DUP!?) 
stack 
lENDS 


Terminate 
pro.ram: 
************************* 
Call 
BIOS 
terminate 
tunction 
to 
return 
to HS-roS 
operating 
system. 


This section provides some exercises for the reader in the form of suggested modifications to the Example 1 program. 
By working through these exercises in succession, the reader will gain an understanding of important concepts and 
valuable experience in programming the 82786. 


• Turn cursor off 
• Video Status Register, Register 0 in DP Control Block, controls the cursor 


Register 


VSTAT 
I Zero unused upper bits [£IE] 


C=1 
C=O 


Cursor On 


Cursor Off 


0=1 
0=0 


OisplayOn 


OisplayOff 


Replace GP Command List in Example I with new GP Command List to 
draw the straight lines in the graphic 


50 
100 
150 200 250 300 350 400 450 500 550 500 


(640 x 381) 


Hint: Replace GP Command List in Exercise I with a new Command 
List. See description of Abs~ov, 
Line, and Circle commands. 


intJ 


Exercise 
3: 
• Modify the program from Exercise 2. 
• Change from I-bit per pixel (bpp) to 4 bpp. 
• Use the Def_Color 
Command to change the color of each line in the 
drawing. 


Hint: Change Def_Bitmap 
parameters and Tile Descriptors. Clear an addi- 
tional page (Page 1) of Graphics Memory to allow room for the larger 
bitmap. 


Exercise 
4: 
• Write a new DP Descriptor List and turn on the borders for two windows, 
not overlapping, as shown below. 


• The left window should contain the 4 bpp multi-colored image drawn in 
Exercise 3. 


• The right window should contain the 1 bpp image drawn in Exercise 1 (the 
Intel Logo). 


• Change 1 bpp pad register to accentuate the two different windows. 
infe 


Hint: Change Def-llitmap 
parameters. Modify strip and tile descriptors. 
Combine the two GP command lists from Exercise 3 and Example 1 
programs. Before starting the second command list, be sure to use a new 
Def-llitmap 
command. Clear page 2 of Graphics memory. 


Hint: Create two strips. 
Strip 1:Contains 1 tile consisting of 100 lines. 
Strip 2: Contains 2 tiles consisting of 281 lines; the first tile is 320 pixels wide. 


inter 


4.0 Introduction 
4.1 82786 Directly Accessible (Internal) Registers 
4.2 OP Indirectly Accessible (Context Switching) Registers 
4.3 OP Commands, Opcodes, Parameters 
4.4 DP Indirectly Accessible Registers (OP Control Block Registers) 
4.5 DP Commands, Opcodes, Parameters 


4.6 Strip and Tile Descriptor Formats 
4.7 Example Video Timing Parameters 


This Chapter provides a compilation of data frequently used by 82786 programmers. It contains data for all 82786 
registers, commands, command parameters, opcodes, strip and tile descriptor format, video timing parameters. 


Rql ••• r 
Off••• 
(Ht 
15 


Inlernal 
Retoc:.lK>n 
00 


ltu 
Reserved 
0 
'Of).()fH 
BIU Conlrol 
04 


Refresh 
Control 
06 


DRAM/VRAM 
Conlrol 
08 


DISpI.y 
PriOrity 
0 


GP Prkmty 
OC 


External 
Prlorrty 
OE 


"•••rv" 
[ 
I 
'l00l'H 
1-i 


Base Address 
MIO 


2 
Reserved 
(zero 'or 'uture 
comptltlblhty) 


Reserved 
(zero for fulure 
compatibilIty) 
VRIWTIBCP 
GI 
01 
WPI 
WP2 


Reserved 
(zero lor 'ulure 
compall~lIly) 
R.fresh 
sealer 


Reserved 
(zero 'or future 
comp.tiblhty) 
RWI 
RWO I DCI 
DCO 
HT2 
HT1 
HTO 
• 
Reserved 
(zero for future 
compatibility) 
FPl 
SPl 


Reserved 
(zero for futur. 
compatIbility) 
FPl 
SPl 


Reserved 
(zero l()( 'uture 
compatlbtllty) 
FPl 
Reserved 


0 
Rnerved 
(zero 'or 'ulure 
compatlblhty) 


2 
Reserved 
(UNO for future 
compahblllty) 


4 
Reserved 
(zero lor future 
compatibility) 


6 
Reserved 
(zero for luture compatIbility) 
8 
Reserved 
(zero 'or future 
compatlbtllty) 
, 


• 
Reserved 
lzero for luture compatibIlity) 
" 


C 
Reserved 
(zero 'or 'uture 
compatlblllly) 


E 
Reserved 
(zerO for fulure 
compatlblhty) 
~ 
I 
Reserved 
(zero lor futute 
COmp8hblbty) 
IGECl 


2 
LInk Addr", 
(LOwer) 


4 
Reserved 
I 
Link Address 
(Upper) 
6 
Reserved 
IGPOll 
GRCO 
GINT IGPSC IOBCOV GBMeV 
GCTP IGIBM 


Instruction 
POlnler (Lower) 


Reserved 
(zero lor luture compatIbIlity) 
InstructIOn 
POInter (Upper) 


Reserved 
(zero for 'uture 
comp.tlblllty) 


Reserved 
(zero for luture compatibility) 


Reserve<! (zero for luture compatlbtllty) 


Reserved 
(zero for Iulure 
compatlbtlity) 


Reserved 
(zero lor future 
compahblhty) 


Reserved 
(zero lor lutur. 
compattblllty) 


Reserved 
(zero lor luture 
compaltblllty) 


Reserved 
(zero for luture compatIbility) 


Reserved 
(ZMO for future 
compatibility) 


Reserved 
(zero for future 
compallbillty) 


Opc- 
Reserved 
(zero for future 
compatlblllly) 
ECl 


Memory 
Address 
(Lower) 


Reserved 
(zero for fUlur, 
Compatlblhty) 
Memory 
Address 
(Upper) 


Reserved 
(zero f()( fulure 
compatIbility) 
RegIster 
Identification 


Reserved 
FRI 
RCO 
OOV 
FMT 
I 
BLK 
EVN I 000 
ECl 


Reserved 
Defaull 
VIdeO 


Reserved 
(zero for fulure 
compatlblllly) 


Reserved 
(zero for fulure 
compatibility) 


Reserved 
(zero for future 
compatibility) 


Reserved 
(zero for future 
compatibility) 


Reserved 
(zero for future 
compatibility) 


Reserved 
(zero for fUlure campallb/llIy) 


Reserved 
(zero for future 
compatlbihty) 


Reserved 
(lero 
for lulure 
compatlblhfy) 


Reserved 
(zero for fulure 
compatlblllly) 


Reserved 
(zero for future 
compallbllity) 


Reserved 
(zero tor tuture 
compallblhly) 


Reserved 
(zero for future 
compatibility) 


Reserved 
(lerO for future 
compallbthty) 


Reserved 
(zero for luture 
compallblllty) 


Reserved 
(zero lor lutur. 
compatlbtllty) 


Reserved 
(zero tor future 
compatibility) 


Reserved 
(zero tor future 
compatlb/llty) 


ReserYed 
(Zero for future compallbillty) 


Reserved 
lzero 
lor fulure 
compatibility) 


Reserved 
(zero lor future 
compaltbtltty) 


ReserYed (ZMO for f•..•lure compatibdlty) 


ReserYed 
(zero lor IUlure ~lIbtkty) 


Reserved 
(zero for luMe 
compatibilIty) 


Re$8l'Yed (zero tor tutur. 
compatibility) 


Reserved 
(zero for future 
compatlbtllly) 


ReserYed (zero for 'ulur. 
compahblllly) 


OP 
GRO Opc_ 
20 
'2~21" 
GRt 
Parameter 
1 
2 


GR2 Parameter 
2 
2 


Status 
RegIster 
(GSTATI 
2 


~28 
InstrUC11Of'1POInter L.., 2A 


2C 


2E 


30 


32 


34 
38 
38 
3' 


3C 


3E 
~40 


42 


44 


46 
48 
4. 


4C 


4E 


50 


52 


54 


58 


58 
5' 
se 


5E 


80 


82 


64 


86 
88 
6' 
se 


6E 


70 


72 


74 


76 


78 
7. 


7C 


7E 


D"....."" 
Par.me1er 
, 


Parameter 
2 


Parameter 
3 


Status 
Register 


Default VideO 


4.2 GP Indirectly Accessible 
Registers 


Context Registers 


Name 


GCOMM 
GPOEM 
GIMR 
GCHOR 
GCHA 
GSP 
GCA 
GBORG 
GCX 
GCY 
GPAT 
GSPAC 
GCNT 
GN 
GVERS 


GXMAX 
GYMAX 
GXMIN 
GYMIN 
GMASK 
GBGC 
GFGC 
GFCODE 
GCIP 
GBPP (RO) 


10 


0001 
0003 
0004 
0007 
010B 
010C 
0100 
010F 
0010 
0011 
0012 
0013 
0014 
0016 
0017 


Bits 
(16) 
(6) 
(6) 
(2,2) 
(21) 
(21) 
(21) 
(21) 
(16) 
(16) 
(16) 
(16) 
(16) 
(16) 
(16) 


(16) 
(16) 
(16) 
(16) 
(16) 
(16) 
(16) 
(4) 
(21) 
(4) 


Command 
Poll Mask 
Interrupt 
Mask 
Character 
Orientation 
and Path' 
Character 
Font Base Address 
Stack Pointer 
Memory Address 
of Current Position (x, y) 


Bitmap Origin Address 
Current X Position 
Current Y Position 
Line Pattern 
Spacing between 
Characters 
and All Bitblts 


Character 
Count" 
Number of 16-bit Words Spanning 
Width of Bitmap 


Version Number'" 
(0 Step Value = 5) 


Maximum 
X for Clipping Rectangle 
Maximum 
Y for Clipping Rectangle 
Minimum X for Clipping RectangleA 


Minimum Y for Clipping 
RectangleA 


Pixel Mask 
Background 
Color 
Foreground 
Color 
Function 
Code for Pixel Updates'" 
Current Instruction 
Pointer 
Used with Dump Register 
command 
to get Current 


Bits per Pixel Address 
•.•• 


Used with Load Register command 
to write Current 


Bits per Pixel Address 
•.•• 


These bits are right justified in each byte of the word in which they are stored. Two bits are stored in bits I and 
o and two bits are stored in bits 8 and 9; the remaining upper bits in each byte are zeroed. 


•• 
GCNT ID reassigned from 0015 to 0014 in D-Step. 


In D-Step, valid after RESET and prior to drawing or drawing control commands. 
Correction to previous GXMIN ID 0096 and GYMIN 0097 assignments. 
GFCODE ID reassigned from OOICto OO9Fin D-Step. 


AAA 
New D-Step Bpp Registersd. 


0090 
0091 
0094 
0095 
0099 
009B 
009C 
009E 
01AC 
009F 


NOTE: 


Simply saving and restoring the context registers is not sufficient to restore the state of the graphics processor. 


inter 


GI<M'ftl%C C0N1S' 
ors;gpl 
PARAKI1'IN 


ARC_EXCL 
6800 
dlmlin, 
dymin, 
dJaux, 
clyux, 
ra<1ius 


AIlC_INCL 
6900 
domin, 
dymin, 
dJaux, 
dymax, 
radius 


CIRCLE 
8100 
radills 


INCR_POINT 
8400 
array 
address 
low. 
high 


LINE 
5400 
dx, 
<1y 


POIN't' 
5300 
dx, 
<1y 


POLYGON 
7300 
array 
address 
low, 
high 


POLYLINE 
'7400 
array 
address 
low, 
hiqh 


RECTANGLE 
5800 
&C:, ely 


SCAN_LINES 
BAQO 
aZ':cay 
.Mress 
low. high, 
nu.mbeJ:' ot 
lines 


OPAQUE 
0400 
TRANSP 
D500 
REVERSE OPAQUE 
0600 
REVERSE 
TRANS' 
D100 


OPAQUE 


TRANS' 
REVERSE 
OPAQUE 


REVERSE 
TRANS' 


ABS 
MOV 


Dlr:CHAR_ORIEN'1' 
DE'_CKAR_SET_BY'r1 


0&1' CI.U 
REef 
DIF-COLORs 
olr -LOGICAL 
0' 
Dcr-SPACE 
- 


DEF :TEXTURE_OPAQUZ 
DE'_TEXTURZ_'l'RANSP 
&NTEJ\ 'ICI{ 
IXIT_PICIt 
RJ:I,_MOV 


CALL 
DUMP_REG 


HALT 
IN'l'R_GEN 
LINl< 
LOAD_REG 
NO. 
RETURN 


SCUTe. add.r low, 
source 
acktr hiqh, 
source 
x-max, 
source 
y-max, source 
s, 
source 
y, 
dx 
(I:ect 
width 
- 
1), 
ely 
(rect 
height 
- 
1) 


source addr 
low, 
source addl: high, 
source 
X-IIlaZ, 
source 
y-max, source 
le, 
source 
y, 
cbc tract 
width - 1), 
ely (rect 
height 
- 
11 


., 
y 
path-rotation 
(one word) 
char 
tont 
acld.r low, char 
font 
acld.r 
high 
char 
tont 
addr low, char 
tont 
addr 
hiqh 
x-adn, 
y-Illin, x-max, y-max 
foreqround, 
back9round 
color 
bit 
mask, function 
code 
number:of pixels 
of space 
pattern 
pattern 
no parameters 
no par&IMters 
dx, 
dy 


call 
add.r low, call 
addr high 
dump adclr low, dump addr high, 
req 
ID 
no parameters 
no parameters 
link 
addr low, link 
addr hiqh 
load addr low, load addr high, 
req 
ID 
no parameters 
no parameters 


inter 


Aq ••t.r 
Off••• 
(H) 
15 
Video St.lus 
00 


Interrupt 
Mask 
01 


02 
03 


O<l 


CATMode 
05 


Reserved 
C 
I 
0 


Reserved 
I FA. 
ACD 
DOV 
FMT 
BlK 
EVN 
ODD I ECl 


Reserved 
Top POint 


Reserved 
I 
Frame 
Interrupt 


Reserved 


Reserved 
I 
l 
W 
S 
B 
A 
A 


Interlace- (2)Il L----J 


01 
Reserved 
00 . Non,nterl.ce 


10 
Interlace 
IBlank Lye, 
Me 
HSync/VSync 


Slave Mode 
(1) 
Int8flace-Sync 


WindOw Status Enable (1) 
Accelerated 
Video (2) 


00 
-. Norm.112S 
MHz) 


01 
Hogh·Speed 
(SO MHz, 


10 .. Very Htgh·Speed 
(100 MHz) 


11 
Super 
High-Speed 
(200 MHz) 


06 


07 


08 


09 


OA 


OB 


DC 


00 


OE 


OF 
10 


11 


12 
13 
•• 
15 
16 


C.,MocIe 
17 


Reserved 
Horizontal 
SynChronization 
SlOp (HSyncStpl 


Reserved 
• 
HorIzontal 
Field Start (HFldStrtj 


Reserved 
Horlzonlal 
F18ld Slop 
lHFldStp) 


Reserved 
Lme Length 
(Llnelenl 


Reserved 
Vertical 
Synchronlzatton 
Stop (VSyncSlp) 


Reserved 
Verhcal 
FlEtld 
Start (VFldStrtJ 


Reserved 
Vertical 
FJeld Stop 
(VFldStpl 


Reserved 
Frame 
length 
(Ff.meten) 


DescrIptor 
Address 
POinter (Lower) 


R••••. ved 
DeSCriptor 
Address 
POinter 
(Upper) 


Resel'\led 


R••••. ved 
I 
.e 
XZoom 
Reserved 
T 
VZoom 


Reserve<S 
FIeld Color 
(FIdColor) 


Reserved 
Border 
Color 
(BdrCoIor) 


Reserved 
1 Bpp 
Pad 
Aes, 


Resef\!ed 
2 Bpp 
Pad 
Reserved 


Reserved 
4 Bpp 
Pad 
Reserved 
S 
X 
T 
I 
CSt 
T 
CSC 
rAe •. 
CsrPad 
Res. 


CsrSty~: 
5 
- 
Cursor 
SIze (11 
CsrSlze 
0 - 
8x8 Csr 
1 - 
16x16 Csr 


.& 
Crosshatr 
Cursor 
(1) 


oS 
Transparent 
Cursor 
(1) 
CSt 
~ Cursor 
Stalus 
to Window 
Status 
Output 
(21 
CSC 
Cursor 
Status 
Control 
(2) 
00 
.• Current 
Window 
Status 
Ot 
•• Foreground 
to 
.•.•Background 
t1 
- 
Block 


Reserved 
I 
Cursor 
PositiOn 
X (CsrPosXl 
-.1 .', 


Reserved 
I 
Cursor 
POSition Y (CsrPoSYl 


Cursor 
Panern 
0 (CsrPatO) 


Cursor 
Panern 
1 (CsrPatt) 
.. 
." 
Cursor 
Panern 
2 (CsrPat2) 


Cursor 
Panern 
3 (CsrPat3) 


Cursor 
Pan&rn 
• (CsrPat.) 


Cursor 
Pan.,n 
5 (CSrPaIS) 
, 
Cursor 
Pattern 
6lCsrPat6) 


: 
Cursor 
Panern 
7 (CsrPat7) 
~- 
. 
Cursor 
Panern 
8 (CsrPate) 
. 


Cursor 
Panern 
9 (Csrp,t91 


Cursor 
Panern 
A (CsrP'tA) 


Cursor 
Panern 
B (CsrPatB) 


Cursor 
Pattern 
C (Carp,te) 


Cursor 
Pattern 
0 (CsrPaIO) 


Cursor 
Pattern 
E (CsrPaIE) 


Cursor 
p,ttern 
F (CsrPatF) 


inter 


LOAD_ItZG 
LO.\Il 
ALL 
DUMP:REG 
DUMP_ALL 


load 
ac:klrlow, 
load 
adclJ:'h1qh, 
req ID 
load addr low. 
load. 
adclr high 
<b.uIIpaddr low, 
load. a4d.r high, 
r~ 
m 
clUllpadclr low, 
load. adclr biqh 


Strip and Tile Descriptors 


15 
14 
13 
12 
11 
10 
II 
8 
7 
8 
5 
4 
3 
2 
0 


Nl*BER 
Of' LINES 
IN STRIP 
• 1 


LINK TO NEXT 
STRIP 
DESCRIPTOR 
(LOWER) 


RESERVED 
III 
IN( TO NEXT 
STRIP 
DESCRIPTOR 
(UPPER) 
~II 
RESERVED 
III_lEA 
OF llLE8 
IN STIIlP- 
1 


BlTMAP 
WIDTH 


MEMORY 
START 
ADDRESS 
(LOWER) 


RESERVED 
III 


MEMORY 
START 
ADDRESS 
(UPPER) 


RESERVED 
BPP 
III 
STAIlT1IIT 
III STOPBIT 


RESERVED 
FETCH 
COUNT 


T 
B 
L 
R 
WIT 
III 
RESERVED 
III 
PC 11010 


BlTMAPWIllTH 


MEMORY 
START 
ADDRESS 
(LOWER) 


RESERVED 
III 


MEMORY 
START 
ADDRESS 
(UPPER) 


RESERVED 
BPP 
III STARTBIT 
III STOPBIT 


RESERVED 
FETCH 
COUNT 


T 
B 
L 
R 
WST III 
RESERVED 
III 
PC 11010 


Resezved- 
T 
B L R 
IS 14 13 12 
- 
Resezved- 
IS 14 13 12 


The following table of Video Timing Parameters satisfy the requirements of NEC Multisync-compatible monitors. 
These parameters provide the given resolution and refresh rate when using the VCLK frequency indicated in the 
table. 


VCLK (MHz) 
25 
25 
20 
20 
20 
Xmax 
640 
512 
512 
640 
640 
Ymax 
480 
512 
512 
350 
455 
Screen 
Refresh 
(Hz) 
60 
60 
60 
60 
60 


HSyncStop 
75 
97 
47 
89 
37 
HFld Start 
145 
184 
94 
168 
77 
HFld Stop 
785 
696 
606 
808 
717 
Line Len 
827 
752 
633 
861 
737 
VSyncStop 
3 
6 
2 
5 
0 
VFld Start 
14 
26 
8 
23 
3 
VFldStop 
494 
538 
520 
373 
458 
Frame Len 
501 
551 
524 
385 
458 


APPENDIX 
A 
SOLUTIONS 
TO EXERCISES 


;************* 
. Values for t.he Display Processor Control Block: 
bea_dp_ctrl_blk 
LABEL 
word 


REGISTERNAME 
SETTING 


inter 


Description: 
Modify 
the 
pro&ram 
from 
EXER1. 
Write a new GPcommandlist 
to draw an interest!n. 
image as 


shown 
in 
accompanying 
documentation. 
The drawing 
contains 
; 
12 
lines 
and 
one 
circle. 


;******************************************************************.-********** 


;********** 
Definition 
of 
Graphics 
Processor 
Command 
List: 
************ 
lrP_l1st1LABEL word 
dw DEF_BITHAP, BITHAP_O_LO, BITHAP_O_HI, 639 , 380 , 1 
address 
10 
. address 
hi 
, xmax, 
ymax, 
bits 
per pixel 


dw DEF_TEXTURE_OP, OFFFFh 
dw DEF_COLORS, OFFFFh, OOOOOh 
dw DEF_LOGICAL_OP, OFFFFh. 00005h 


X equ 
10 
y equ 
10 


dw 
ABS_HOV, 600,380 


dw 
LINE, -600. -30 
dw 
ABS_HOV. 550,380 
dw 
LINE. -550. -80 
dw 
ABS_HOV, 500. 380 
dw 
LINE. 
-500, -130 
dw 
ABS_HOV, 450,380 
dw 
LINE. 
-450. -180 
dw 
ABS_HOV. 400,380 
dw 
LINE, 
-400,-230 
dw 
ABS_HOV. 350,380 
dw 
LINE. 
-350.-280 


dw 
ABS_HOV, 300.380 
dw 
LINE, 
-300,-330 
dw 
ABS_HOV, 250,380 
dw 
LINE, 
-250, -380 
dw 
ABS_HOV, 200.380 
dw 
LINE. 
-150, -380 
dw 
ABS_HOV, 150,380 
dw 
LINE. 
-50, -380 
dw 
ABS_HOV, 100,380 
dw 
LINE, 
50. -380 
dw 
ABS_HOV, 50,380 
dw 
LINE. 
150.-380 
dw 
ABS_HOV, 0.380 
dw 
LINE. 
250. -380 


dw 
ABS_HOV,200,182 
dw 
CIRCLE. 50 
dw 
HALT 


len_IlP_l1st1LABEL word 


SOLUTION 
FOR EXERCISE 
3 


.****************************************************************************** 
, Program 
name: 
EXER3.ASH 


Description: 
Hodify 
the 
program 
from 
Exercise 
2. 
Change 
the 
bitmap 


from 
1 bit 
per 
pixel 
to 
4 bits 
per 
pixel. 


. 
Use 
the 
DEF 
COLORS 
command 
to change 
the 
color 
of each 
line 


; 
in the 
drawing. 
;****************************************************************************** 


;************ 
dp_desc1 
LABEL 
Header 
of 
DP 
dw 
380 
dw DESC_PTR_LO+20 


dw DESC_PTR_HI 
dw 0 
First 
(and only) 
dw 0320 
dw 
OOOOh 
dw OOOOh 
dw 
04FOh 
dw 0318 
dw OFOOOh 
end_dp_desc1 
LABEL 


Definition 
of Display 
Processor 
Descriptor 
List: 
word 
descriptor: 
(number 
of 
lines 
- 1) 
lower 
link to next 
strip 
descriptor 
(there 
is none. 
but 
if one 
were 
added, 
this 
is the 
link) 


upper 
link 
to next 
strip 
descriptor 
(there 
is none) 


(number 
of tiles 
- 1) 


T11e 
Descriptor 
Bitmap 
width 
(number 
of bytes) 
Bitmap 
start 
address 
lower 
Bitmap 
start 
address 
upper 
4 bpp, 
start 
bit 
F, 
stop 
bit 
0 
Fetch 
count 
= (number 
of bytes 
- 2) 
All 
4 borders 
on,window 
status=O,PC 
aode 
off,field 
off 


word 
; *********** 
End 
of DP 
deacriptor 
list. ********* 


;********** 
Definition 
of 
Graphics 
Processor 
Command 
List: 
************ 


gp_Ii.tl 
LABEL 
word 
dw DEF_BITHAP, 
BITHAP_O_LO, 
BITHAP_O_HI, 
639 
, 380 
, 4 


; 
address 
10 
. address 
hi 
. xmax, 
ymax, 
bits 
per 
pixel 


dw DEF_TEXTURE_OP, 
OFFFFh 
solid 
texture 


dw 
DEF_COLORS, 
OFFFFh, 
0 
dw 
DEF_LOGICAL_OP, 
OFFFFh, 
00005h 
replace 
destination 
with 
source 


dw 
ABS_HOV, 
600,380 
dw 
LINE, 
-600, 
-30 
dw 
ABS_HOV, 
550,380 
dw 
DEF_COLORS, 
1110111011101110b, 
0 
fore.round color 
is 1110 
(binary) ; must 
be repeated to fill 
the entire 
word. 
dw 
LINIl, -550, 
-80 
dw 
ABS_HOV, 
500, 
380 
dw 
DEF_COLORS, 
1101110111010010b, 
0 
foreground color 
is 1101 
(binary) . 
dw 
LINE. 
-500, 
-130 
dw 
ABS_HOV, 
450,380 
dw 
DEF_COLORS, 
1100110011001100b, 
0 
forearound color 
is 
1100 
(binary) . 
dw 
LINE, 
-450, 
-180 
dw 
ABS_HOV, 
400,380 
dw 
DEF_COLORS, 
1011101110111011b, 
0 
foreground color 
is 
1011 
(binary) . 
dw 
LINE, 
-400, -230 
dw 
ABS_HOV, 
350,380 
dw 
DEF_COLORS, 
1010101010101010b, 
0 
forearound color 
is 1010 
(binary) . 
dw 
LINE, 
-350,-280 
dw 
ABS_HOV, 
300,380 
dw 
DEF_COLORS, 
1001100110011001b, 
0 
foreground color 
is 1001 
(binary) . 
dw 
LINE, 
-300, -330 
dw 
ABS_HOV, 
250,380 
dw 
DEF_COLORS, 
1000100010001000b, 
0 
foreground color 
is 
1000 
(binary) . 
dw 
LINE, 
-250, 
-380 
dw 
ABS_HOV, 
200,380 
dw 
DEF_COLORS, 
0111011101110111b, 
foreground color 
is 0111 
(binary) . 
dw 
LINE, 
-150, 
-380 
dw 
ABS_HOV, 
150,380 
dw 
DEF_COLORS, 
0110011001100110b, 
0 
foreground color 
is 0110 
(binary) . 
dw 
LINE, 
-50, 
-380 
dw 
ABS_HOV, 
100.380 
dw 
DEF_COLORS, 
0101010101010101b, 
0 
foreground color 
is 0101 
(binary) . 
dw 
LINE, 
50, 
-380 
dw 
ABS_HOV, 
50,380 
dw 
DEF_COLORS, 
0100010001000100b, 
0 
forearound color 
is 0100 
(binary) . 
dw 
LINE, 
150,-380 
dw 
ABS_HOV, 
0,380 
dw 
DEF_COLORS, 
0011001100110011b, 
0 
forearound color 
is 0011 
(binary) . 
dw 
LINE, 
250, 
-380 
dw 
ABS_HOV, 200, 182 
dw 
DEF_COLORS, 
0010001000100010b, 
0 
foreground color 
is 
0010 (binary) . 
dw 
CIRCLE, 
50 
dw 
HALT 
len_gp_Iist1 
LABEL 
word 


240048-62 


5-270 


inter 
AP-408 


;*************** 
Clear 
Paae 
0 
of 
Graphics 
memory 
(64K 
bytes): 
**************> 


mav ax.SEG_GRJf!H 
Graphics memory space is in the 'A' segment 
mav de.ax 


mav aX,D 
mov 
dx.PAGE_PORT 
out dx. ax 
Select 
pa«e 0 of .raphics 
memory 


mov 
bx,O 
mov 
cx.32767 
mov si,O 
CLEAR_HEHORY: 


mov [ail. bx 
add 
81,2 
loop 
CLEAR_MEMORY 


;*************** 
Clear 
Page 
ot Graphics 
memory 
(64K bytes): 
movax,1 
mov 
dx,PAGE_PORT 
out dx. ax 
Select 
page 1 ot 
a:raphic5 memory 


mov 
bx,O 
mov 
cx,32767 
IDOV 
si,O 
CLEAR_PAGEl: 


mov 
[si],bx 
add 
51,2 
loop 
CLEAR_PAGEl 


inter 


;****************************************************************************** 
Program 
name' 
EXER4 .ASM 


Deacription' 
Modify 
the 
program 
from 
Exercise 
3. 
Modify 
the 
DP descriptor 
list 
for 
2 windows. 
not 
overlapping, 
as 
shown 
in the 
accompanying documentation. 
The left 
window should contain 
the 
4 BPP 
multi -colored 
image 
drawn 
in EXERCISE 
3. 
The right 
window should contain 
the 
1 BPP image drawn in the 


; 
EXAMPLEl 
program 
(the 
Intel 
logo). 


;****************************************************************************** 


;************ 
Definition 
of 
Display 
Processor 
Descriptor 
List: 
dp_descl 
LABEL 
word 
Beader 
of DP descriptor' 


dw 
380 
(number 
of 
lines 
- 1) 
dw DESC_PTR_LO+20 
lower 
link 
to next 
strip 
descriptor 
(there 
is 
but 
it one 
were 
added, 
this 
is the 
link) 
upper 
link 
to 
next 
strip 
descriptor 
(there 
15 
(number 
of tiles 
- 1) 
dw DESC_PTR_BI 
dw 
1 
First 
Tile 
Descriptor: 


dw 0320 
dw 
7720h 
dw OOOOh 
dw 04FOh 
dw 0158 
dw OFOOOh 


Second 
Tile 
dw 0080 
dw OOOOh 
dw OOOOh 
dw 01FOh 
d" 0038 
d" OFOOOh 
end_dp_desc1 
LABEL 


Bi tmap 
width 
(number 
of bytes) 
81tmap start 
address 
lower 
81tmap start 
addrees 
upper 
4 bpp, 
start 
bit 
F, 
stop 
bit 
0 
Fetch 
count 
= 
(number 
of 
bytes 
- 2) 


; 
All 
4 borders 
on, window 
status=O,PC 
mode 
off,field 
off 
Descriptor: 


Bi tmap 
width 
(number 
of bytes) 
Bitmap 
start address 
lower 
Bitmap 
start 
address 
upper 
1 bpp, 
start 
bit 
F, 
stop 
bit 
0 
Fetch 
count 
= 
(number 
of 
bytes 
- 
2) 
All 
4 borders 
on,window 
status=O,PC 
mode 
off,field 
off 
word 
; *********** 
End 
of DP descriptor 
list. ********* 


dw DEF_TEXTURICOP, 
OFFFFh 
dw DEF_COLORS, 
OFFFFh, 
OOOOOh 
dw DEF_LOGICAL_OP, 
OFFFFh, 
00005h 


;************************* 
Draw 
Intel 
logo: 
***************.***.*.** 
dw 
ABS_HOV, 
X, Y 
; Move 
to beginnlnll position 
for drawing. 
dw 
LINE, 
35, 
0 
; Dot 
the 
'")"' 
dw 
LINE, 
0, 
35 


;***************** 
Draw 
figure 
trom 
EXER3 
proaram: 
*********************** 
dw DEF_BITMAP, 
7720h, 
O. 639 
• 380 
, 4 
address 
10 
. 
address 
hi 
. 
xmax, 
ymax, 
bits 
per 
pixel 
dw 
ABS_MOV, 
600,380 
dw 
LINE, 
-600, 
-30 
dw 
ABS_MOV, 
550.380 
dw 
DEF_COLORS, 
1110111011101110b, 
forellround color 
is 1110 
(binary); 
must 
be repeated 
to 
fill 
the 
entire 
word. 


inter 
AP-408 


;*************** 
Clear 
Page 
0 
of 
Graphics 
memory 
(6~K 
bytes): 
**************) 
mev ax.SEG_GR_HEH 
Graphics memory space is in the 'A' segment 
mav ds.ax 


mev ax,O 
mov 
dx.PAGE_PORT 
out 
dx. ax 
Select 
pa&e 0 of 
graphics 
memory 


mov bx,O 
mov 
cx.32767 
mov 
si,O 
CLEAR_MEMORY: 


mov 
[si],bx 
add 
si, 2 
loop 
CLE~_HEHORY 


;*************** 
Clear 
Page 
mev ax.l 
mov 
dx.PAGE_PORT 
out 
dX,8X 


mev bx,O 
mav 
cx,32767 
mov 
si,o 
CLEAR_PAGE 
1 : 
mov 
[si].bx 
add 
si.2 
loop 
CLEAR_PAGEl 


32767 
words 
of memory 
to be 
cleared 
= 
64K 
bytes 


Clear 
pa,e 
0 of 
.raphics 
memory 
(to be 
used 
as a bitmap 
for 
drawin. 
commands.) 


;*************** 
Clear 
Page 
2 of Graphics 
memory 
(64K bytes): 
mevax,2 
mov 
dx.PAGE_PORT 
out 
dx. ax 
Select 
pa,e 
1 ot araphics 
memory 


mev bx.O 
mov 
cx,32767 
mov si,o 
CLEAR_PAGE2 
: 


mov 
[sO, bx 
add 
si, 2 
loop 
CLEAR_PAGE2 


inter 


****************************************************************************** 


Pro.ram 
name: 
EXER5 . ASH 
Description: 
Same 
as 
EXERCISE 
4 but 
the 
2 windows 
are 
overlapping. 


*****************************************************.************************ 


;************ 
Definition 
dp_desc1 
LABELword 
Reader 
of F1rst 
Str1p 
dw 
99 
; 


dw DESC_PTR_LO+20; 
dw DESC_PTR_RI 
dw 
0 
First 
Tile 
Descriptor 


dw 0080 
dw OOOOh 
dw OOOOh 
dw 01FOh 
dw 0078 
dw OBOOOh 


Header 
of 
Second 
Strip 


dw 280 
dw DESC_PTR_LO+52 


dw DESC]TR_RI 
dw 
1 


First 
Tile 
Descriptor 
dw 0080 
dw 8000 
dw 0000 
dw OUOh 
dw 0040 
dw 07000h 


Second 
Tile 
Descriptor 
dw 0320 
dw 7720h 
dw OOOOh 
dw 04FOh 
dw 0150 
dw OFOOOh 
; 


end_dp_desc1 
LABELword 


descriptor: 


(number 
of 
lines 
- 1) 
lower 
link 
to 
next 
strip 
descriptor 
upper 
link 
to 
next 
strip 
descriptor 
(there 
is 
none) 


(number 
of 
tiles 
- 1) 


of 
first 
strip: 
Bitmap 
width 
(number 
of byte.) 


B1tmap start 
address 
lower 
Bitmap 
start 
address 
upper 
1 bpp, 
start 
bit 
F, 
stop 
bit 
0 
Fetch 
count 
= 
(number 
of 
bytes 
- 2) 
Bottom border 
oft, window .tat=O, 
PC mode oft, field 
off 


descriptor; 
(number 
of 
lines 
- 
1) 


lower 
link 
to 
next 
strip 
descriptor 
(there 
is 
but 
if 
one 
were 
added, 
this 
is 
the 
link) 
upper 
link 
to 
next 
strip 
descriptor 
(there 
is 
(number 
of 
tiles 
- 1) 


of 
Second 
Strip: 


Bitmap width 
(number of 
bytes) 


B1tmap start 
address 
lower 
Bi tmap start 
address 
upper 
1 bpp, 
start 
bit 
F. stop 
bit 
0 


Fetch 
count 
= (number 
of 
bytes 
- 
2) 
Top border 
off, 
window stat=O,PC 
mode off,field 
off 


of 
Second 
Strip: 


Bitmap 
width 
(number 
of 
bytes) 


B1tmap start 
address 
lower 
Bi tmap start 
address 
upper 
4 bpp, 
start 
bit 
F, 
stop 
bit 
0 


Fetch 
count 
= 
(number 
of 
bytes 
- 
2) 
All 
4 borders 
on,window 
status=O,PC 
mode 


i *********** 
End of 
DP descriptor 
list. 


